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GENTLEMEN, 

THE  propriety  of  composing  an  address 
under  this  head  did  not,  until  of  late,  occur  to  my 
imagination,  and  with  much  trepidity  and  circum- 
spection do  I  now  attempt  the  difficult  task.  My 
apprehensions  arise  from  a  consciousness  of  the  ex- 
treme delicacy  of  the  undertaking,  and  the  danger 
I  have  to  encounter,  arising  from  the  probability  of 
a  misconstruction  being  put  on  the  sentiments  I 
may  advance ;  nevertheless  I  feel  an  enlivening 
hope,  springing  up  as  I  proceed,  that  I  shall  not  be 
unhappy  enough  to  make  an  insertion  of  a  single 
sentence  but  what  you  will  either  approve  or  pal- 
liate, and,  this  point  secured,  I  shall  be  compara- 
tively indifferent  of  all  other  consequences. 

The  succeeding  remarks  will  prove  explanatory 
of  my  motives,  and  I  trust  will  be  deemed  a  satis- 
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factory  apology  for  my  adventuring  into  the  dedi- 
catory labyrinth,  from  whence  but  few  escape 
without  considerable  loss  in  the  estimation  of  the 
most  discerning  part  of  their  readers. 

It  is  a  prevalent  opinion  that  gentlemen  some- 
times allow  authors  to  make  an  ostentatious  display 
of  their  influential  names  in  the  front  of  their 
works,  while  at  the  same  time  they  possess  not  the 
slightest  knowledge  of  the  composition,  or  of  ever 
having  seen  a  line  thereof,  until  a  finished  copy 
has  been  formally  presented  them,  adorned  with 
their  illustrious  names  and  the  writer's  adulatory 
compliments ;  but  further,  it  is  notorious  that  com- 
posers not  unfrequently  take  the  unwarrantable 
franchise  of  introducing  the  honourable  names  of 
eminent  persons  for  this  purpose  without  ever 
obtaining  or  even  soliciting  their  permission  for  so 
doing. 

These  considerations  have  induced  me,  with  great 
diffidence,  and  contrary  to  my  preconception  of 
the  matter,  to  frame  this  respectful  address ;  for, 
after  mature  deliberation,  I  have  been  led  to  con- 
clude that  it  would  be  doing  an  act  of  injustice  to 
you,  to  myself,  and  to  those  who  may  be  interested 
in  the  contents  of  this  volume,  were  I  to  forbear 
giving  publicity  to  the  fact,  that  it  was  not  until 
you  had  investigated  the  most  essential  parts  of  the 
manuscript,  and  felt  assured  that  it  was  calculated 
to  answer  the  end  designed,  and  thereby  prove 
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advantageous  to  the  mining  interest,  that  you  con- 
sented to  honour  it  with  your  countenance,  and 
allow  your  respected  names  to  be  introduced  in  a 
patronal  capacity. 

Without  fear  of  the  imputation  of  flattery,  I 
may  with  confidence  remark,  that  your  great  expe- 
rience, knowledge,  celebrity,  and  interest  in  mining 
affairs,  are  calculated  to  inspire  a  reasonable  hope 
that,  through  your  support  and  precedent,  success 
will  attend  my  humble  efforts,  and  I  shall  ulti- 
mately obtain  a  fair  pecuniary  remuneration  for  my 
labours ;  but,  necessitous  as  I  am,  the  animating 
thought  of  my  exertions  becoming  instrumental  in 
yielding  an  important  benefit  to  a  considerable  and 
most  useful  class  of  my  fellow-men,  is  by  far  the 
greatest  cause  of  my  exultation. 

It  now  only  remains  for  me  to  acknowledge  the 
obligations  I  feel,  not  for  mere  nominal  patronage, 
but  for  the  actual  assistance  I  have  received  at 
your  hands,  whereby  I  have  been  enabled  to  over- 
come the  formidable  obstacles  which  presented 
themselves  against  the  accomplishment  of  this  dif- 
ficult and  embarrassing  enterprise.  And  at  the 
same  time  I  would  not  dare  neglect  to  return  my 
unfeigned  thanks,  in  the  most  undisguised  and  so- 
lemn manner,  to  that  supreme  and  gracious  Power 
whose  benign  and  omnipotent  influence  has  been 
manifestly  exercised  in  my  behalf  throughout  the 
arduous  undertaking. 
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Possibly  this  digression  may  be  condemned  as 
unseasonable,  unsuitable,  and  unfashionable ,  by 
those  who  fancy  themselves  too  wise  and  indepen- 
dent to  allow  it  to  be  obligatory  upon  them  openly 
to  acknowledge  the  aid  of  Divine  Providence  in  all 
their  successful  engagements ;  but  desirous  as  I 
am  of  giving  universal  satisfaction,  far  rather  will 
I  endure  the  scorn  and  sarcasms  of  such  indi  v 
duals,  than  avoid  their  contumely  at  the  expense 
of  an  approving  conscience,  and  the  approbation  of 
the  truly  wise  and  honourable. 

In  conclusion,  I  sincerely  beg  excuse  for  the 
almost  unprecedented  latitude  I  have  uninten- 
tionally taken  for  this  subject,  and  allow  me  most 
cordially  to  congratulate  you  on  the  high  degree  of 
respectability  as  well  as  the  national  utility  and 
importance  the  mining  system  of  Great  Britain 
has  recently  acquired,  and  to  which,  it  is  generally 
acknowledged,  your  example  and  instrumentality 
have  materially  contributed. 

That  you  may  live  long  and  prosperously,  and 
that  uninterrupted  success  may  attend  your  every 
endeavour  to  promote   your   own   and  the  public 
welfare,  is  the  sincere  and  hearty  desire  of, 
Gentlemen, 

Your  most  grateful, 

most  obedient, 

and  very  humble  servant, 
THE  AUTHOE. 


PREFACE. 


THROUGHOUT  this  volume  the  benefit  of  the  Practical 
Miner  has  been  constantly  kept  in  view ;  and  al- 
though the  Tables  may  be  successfully  used  on  other 
occasions,  yet  we  have  professedly  the  mining  inte- 
rest solely  for  our  object. 

It  is  hoped  that  the  curious  examiner  will  find  no 
flagrant  violation  of  the  rules  of  composition  or 
mathematical  order ;  but  to  any  who  may  be  dis- 
posed to  search  for  defects  we  beg  to  state,  that 
the  work  has  been  prosecuted  and  accomplished 
amidst  numerous  disadvantages,  among  which,  the 
frequent  interruptions  arising  from  the  almost  in- 
cessant duties  of  a  mining  avocation  have  not  been 
the  least  perplexing.  But,  notwithstanding  all  this, 
we  feel  it  incumbent  on  us  to  state,  in  defence  of  the 
calculations,  that,  so  far  as  Hutton's  celebrated 
Logarithms,  compared  with  those  of  other  eminent 
authors,  can  be  relied  on  as  a  foundation,  together 
with  the  utmost  care  in,  and  repetition  of,  every 
single  operation,  supported  by  numerous  subsequent 
proofs,  both  theoretical  and  practical,  we  are  war- 
ranted in  alleging  our  conviction,  that  the  Tables 
may  be  received  and  applied  to  the  most  difficult 
and  important  operations  in  dialling,  with  the  utmost 
confidence. 
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We  now  take  a  transient,  but  submissive  leave  of 
the  Mine  Agent,  and  respectfully  address  ourselves 
to  persons  in  the  capacity  of  Schoolmasters  in  min- 
ing districts. 

To  that  respectable  class  of  men  this  work  is  also 
recommended,  as  a  fit  subject  for  the  study  of  those 
youths  committed  to  their  instruction,  who  appear 
designed  for  a  mining  occupation ;  and  having  our- 
selves had  some  years'  experience  in  public  teaching, 
we  presume  to  declare  our  persuasion,  that  it  is 
capable  of  being  rendered  extremely  useful,  by  the 
prudent  tuition  of  skilful  preceptors.  And  why, 
we  would  inquire,  should  not  the  theory  of  the 
essential  art  of  mining  be  taught  in  the  seminaries 
of  England,  as  weE.  as  in  Mexico  ?  (where,  we 
understand,  the  colleges  or  schools  of  mines  are 
among  the  most  noble  establishments  of  the  em- 
pire) ;  but  especially  in  Cornwall,  where  the  prin- 
cipal support  of  the  country  depends  on  the 
prosperity  of  the  mines,  and  where  much  of  that 
prosperity  depends  on  the  judicious  management 
of  those  persons  to  whom  the  superintendency  there- 
of is  committed. 

In  conclusion,  we  beg  to  remark,  that  we  have 
generally  used  such  terms  as  are  common,  and  in 
some  cases  almost  peculiar,  to  mining  business ; 
believing  that  this  phraseology  will  render  the  work 
far  more  intelligible  and  acceptable  to  the  majority 
of  those  for  whose  use  it  is  designed,  than  if  we 
had  confined  ourselves  to  a  precise  mathematical 
mode  of  expression. 
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TABLE  I.     Page  66. 

In  this  scheme  the  hypothenuse  is  made  radius,  consequently 
the  other  sides  are  the  sine  and  cosine  of  the  included  angle. 

Corollary.  Suppose  one  end  of  the  line  A  B  to  remain  at 
A  while  the  other  end  B  is  moved  round  from  e  to  /,  then  it  is 
evident  that  the  base  C  B  will  continue  to  increase,  and  the 
perpendicular  B  D  to  decrease,  until  the  whole  quadrant  has 
been  swept  off. 

At  45°,  or  the  middle  of  the  quadrant,  the  base  and  perpen- 
dicular are  equal,  and  from  that  point  to  90°  the  base  will  in- 
crease in  the  same  ratio  as  the  perpendicular  decreased  from  1° 
to  45° ;  hence  the  propriety  of  the  arrangement  of  this  table  in 
counting  the  degrees  backward  from  45  to  90. 

TABLE  II.     Page  74. 

Here  the  perpendicular  is  made  radius;  therefore  the  hypo- 
thenuse A  C  will  be  the  secant,  and  the  base  B  C  the  tangent, 
of  the  angle  A.  On  this  principle  it  is  clear  that  as  the  angle 
increases,  the  base  and  hypothenuse  will  continue  (throughout 
the  whole  quadrant)  to  increase  in  proportion. 


TABLE  III.     Page  82. 

In  this  diagram  the  base  is  made  radius,  therefore  by  mathe- 
matical demonstration  the  perpendicular  A  C  is  the  co-tangent, 
and  the  hypothenuse  B  C  the  co-secant,  of  the  angle  C ;  and 
here  it  Avill  be  plain,  that  as  the  angle  C  is  increased,  the 
hypothenuse  and  perpendicular  will,  proportionably,  be  dimi- 
nished. 


ILLUSTRATION   OF   THE   CHARACTERS. 

-J-  plus,  or  more,  the  sign  of  addition  ;  signifying  that  the  num- 
bers or  quantities  between  which  it  is  placed  are  to  be  added 
together. 

—  minus,  or  less,  the  sign  of  subtraction ;  denoting  that  the  less 
of  the  two  quantities  between  which  it  is  placed  is  to  be 
taken  from  the  greater. 

x  into,  the  sign  of  multiplication ;  signifying  that  the  quantities 
between  which  it  is  placed  are  to  be  multiplied  together. 

-4-  by,  the  sign  of  division  ;  signifying  that  the  former  of  the  two 
quantities  between  which  it  is  placed  is  to  be  divided  by  the 
latter. 

:     as,  or  to,  '.  I  so  is,  the  sign  of  an  equality  of  ratios ;  denoting 
that  the  quantities  between  which  they  are  placed  are  pro- 
portional to  each  other. 
Thus,  2  :  3  : :  4  :  6,  denotes  that  2  is  to  3  as  4  is  to  6. 

=   equal  to,  the  sign  of  equality ;  signifying  that  the  quantities 

between  which  it  is  placed  are  equal  to  each  other. 
Thus,  6  +  4  =  10,  shows  that  6  added  to  4  is  equal  to  10. 

Z.  Angle. 

0    Degrees. 

'    Minutes. 

A  given  line  is  represented  by  a  stroke  or  dash  (  i  ),  as  the  base 
A  B  in  the  triangle  on  page  26,  and  a  required  line  by  a 
cipher  (  o  ),  as  in  the  legs  of  the  same  triangle. 

ABBREVIATIONS. 

Deg.  Degrees.  E.       East. 

Min.  Minutes.  W.      West, 

Path.  Fathoms.  Prob.  Problem. 

Ft.  Feet.  Ex.     Example. 

In.  Inches.  Ansr.  Answer. 

Hyp.  Hypothenuse.  Dia.    Diameter. 

Perp.  Perpendicular.  Cwt.    Hundred- weight. 

Comp.  Complement.  Qr.     Quarter. 

Tab.  Tabular.  Lbs.    Pounds. 

Dec.  Decimals.  Oz.     Ounces. 

N.  North.  Dwt.  Pennyweight. 

S.  South.  Grs.    Grains. 
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PRACTICAL  MINER'S  GUIDE. 

INTEODUCTION. 

IT  is  an  acknowledged  fact,  that  dialling,  in  all  its 
varieties,  is  the  most  difficult  and  momentous  part 
of  the  duty  of  practical  mine  agents  :  to  assist  them 
in  that  important  operation,  is  the  chief  design  in 
giving  publicity  to  these  Tables. 

Notwithstanding  the  great  improvements  which 
of  late  years  have  been  made  in  the  art  of  dialling, 
the  most  intelligent  miners  universally  admit,  that 
the  practice  is  still  very  imperfect ;  nay,  so  far  are 
they  from  any  determinate  and  general  system, 
that  two  persons  can  scarcely  be  found  who  pre- 
cisely adopt  the  same  method;  consequently  some 
plain  scheme,  founded  on  pure  mathematical  prin- 
ciples, is  a  great  mining  desideratum. 

Aware  of  the  opposition  which  is  so  apt  to  arise 
against  all  attempts  at  innovation  of  an  old  and 
established  habit  (which,  however  faulty  in  itself, 
custom  may  have  stamped  with  an  imaginary  per- 
fection), it  may  be  necessary  to  make  a  few  ob- 
servations in  support  of  this  work,  and  endeavour 
to  prove  its  advantages  over  all  the  preceding 
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modes  of  performing  a  dialling  operation  in  every 
respect. 

Not  many  years  ago  the  customary  way  of  as- 
certaining the  perpendicular  and  horizontal  lines 
corresponding  with  a  diagonal  shaft,  was  by  the 
very  uncertain,  expensive,  and  tardy  practice  of 
dropping  a  plumb-line  from  the  back  to  the  bottom, 
there  fixing  a  sollar  or  platform,  and  repeating  the 
process  from  the  brace  to  the  foot  of  the  shaft ;  this 
usage  is  largely  explained  in  '  Pryce's  Treatise  on 
Mines  and  Mining'  (a  celebrated  work,  published 
by  subscription,  about  the  year  1776),  and  therein 
described  as  the  only  system  then  known. 

It  is  true  this  most  objectionable  measure  is  now 
exploded,  but  not  without  great  reluctance  by 
many  of  its  old  practitioners,  who  were  long  before 
they  could  be  prevailed  on  to  abandon  it,  notwith- 
standing its  glaring  inconveniences,  accompanied 
with  the  loss  of  time,  waste  of  property,  and  hazard 
of  their  lives. 

By  inserting  this  defectibility  of  our  predecessors, 
we  have  no  other  design  than  of  cautioning  our 
mining  countrymen  to  guard  against  the  too  pre- 
valent propensity  of  rejecting  any  new  system, 
merely  because  it  is  new,  or  its  utility  not  dis- 
cerned at  first  sight ;  and  to  induce  them  to  give 
the  subject  an  impartial  investigation,  before  they 
pass  a  conclusive  judgment  thereon. 

The  use  of  mathematical  instruments  is  how  par- 
tially known  in  the  mining  world ;  and,  certainly, 
those  agents  who  are  well  acquainted  therewith, 
possess  a  decided  advantage  over  others  who  are 
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not  ;  for,  doubtless,  this  science  has  the  pre- 
eminence, in  a  high  degree,  over  every  other 
method  heretofore  employed  in  dialling.  But 
without  intending  to  undervalue  instrumental 
operation,  we  appeal  to  the  experience  of  our 
scientific  readers  for  support,  in  avouching  that  the 
process  is  ever  liable  to  errors  of  considerable 
extent,  and  which  are  prone  to  slide  in  unaccount- 
ably :  but  it  is  a  palpable  fact,  that  in  pointing  or 
sweeping  off  the  angles,  an  almost  imperceptible 
deviation  will  create  a  serious  departure  from  truth ; 
and  even  in  the  course  of  bisecting,  trisecting,  in- 
scribing, describing,  and  circumscribing  ;  also  in 
drawing  parallels,  raising  or  demitting  perpen- 
diculars, the  operation,  even  with  the  greatest  care, 
is  exposed  to  considerable  mistakes  :  and  so  sensible 
are  all  professional  men  of  this  defect,  that  instru- 
mental operation  is  never  resorted  to,  or  relied  on, 
in  any  case  where  great  accuracy  is  required.  But 
when  we  reflect  on  the  laborious  duties  of  the 
practical  mine  agent,  and  how  much  these  duties 
are  calculated  to  disqualify  him  for  performing  a 
geometrical  plan  with  that  delicacy  and  precision 
which  the  operation  so  indispensably  demands,  we 
then  become  established  in  our  opinion  of  the  ne- 
cessity of  a  work  of  this  kind,  and  of  its  superiority 
over  every  other  system  hitherto  introduced  in 
dialling. 

Should  any  be  yet  disposed  to  advocate  the 
existing  practice,  and  to  contend  that  it  is  fully 
adequate  to  the  desired  purpose,  we  beg  permission 
to  inquire  of  such  persons,  why  it  is  that  mistakes 
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so  commonly  occur  in  sinking  shafts  and  driving 
levels  in  most  of  our  mines?  That  irreparable 
errors  do  frequently  happen,  is  a  truth  too  notorious 
for  contradiction  or  dispute,  and  sometimes  even 
under  the  superintendence  of  men  whose  know- 
ledge, circumspection,  and  experience  no  one 
presumes  to  caU  in  question  ;  consequently  a  more 
convincing  proof  than  this  cannot  be  adduced  of 
the  fallibility  of  the  best  modern  practice,  and  the 
necessity  for  the  introduction  of  a  more  perfect 
system. 

Should  it  be  inquired  wherein  the  merit  of  this 
work  is  considered  to  consist,  we  answer,  First — 
Accuracy  ;  and  it  will  be  discovered  at  a  glance, 
that  every  operation  of  the  principal  tables  is 
wrought  out  to  five  places  of  decimals,  or  the  ten 
thousandth  part  of  an  inch  \  consequently  we  may 
affirm,  without  fear  of  confutation,  that,  in  this 
property,  we  outvie  every  other  system. 

Secondly — Plainness.  Of  this  quality  our  ex- 
pert readers  will  be  convinced  at  first  sight,  and 
will  need  no  instruction  for  enabling  them  to 
apply  the  numbers  readily  ;  but  we  do  not  hesitate 
to  say,  that,  by  the  help  of  the  rules  and  examples, 
a  common  school-boy  will  find  no  insurmountable 
difficulty  in  solving  the  most  abstruse  problems 
relevant  to  dialling. 

Thirdly — Despatch.  To  this  desirable  property 
no  other  system  has  an  equal  claim,  or  can,  with 
any  chance  of  success,  enter  into  competition,  with 
our  method ;  inasmuch  as  an  answer,  in  most  cases, 
may  be  obtained  by  the  tables  in  less  time  than  is 
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necessary  to  make  a  preparation  for  performing  the 
operation  in  any  other  way. 

And  now,  having  briefly  endeavoured  to  set 
forth  the  work  in  a  true  light,  we  commit  it  to  the 
judgment  of  a  liberal  and  discerning  people;  and 
should  it  be  instrumental  in  happily  preventing  the 
grievous  errors  which  are  so  prevalent  in  mining 
operations  (and  which,  we  are  bold  to  say,  must, 
in  the  nature  of  things,  continue  to  take  place  by 
the  present  day  practice) ;  or  should  it  only  help  to 
relieve  the  minds  of  faithful  superintendents  from 
that  painful  anxiety  and  suspense  which  never  fail 
to  harass  them  during  the  progress  of  any  con- 
siderable work,  whereby  a  heavy  responsibility  rests 
on  them  for  the  accuracy  of  their  dialling  ;  or  should 
it  in  any  other  way  have  the  happy  tendency  of 
promoting  the  interest  of  mining,  we  shall  not 
regret  the  labour,  pain,  expense,  privation,  trouble, 
and  perplexity  it  has  cost  us,  even  though  we 
should  never  receive  any  other  compensation. 


EXPLANATION  AND  USE 


TABLES. 


AFTER  so  many  preliminary  observations,  it  will  be 
necessary  to  say  but  little  under  this  head,  having 
already  anticipated  several  things  by  way  of  intro- 
duction, which  properly  belong  here. 

The  reader  will  observe  that  the  work  is  com- 
posed of  three  distinct  tables,  for  the  obvious  rea- 
son of  making  each  side  of  the  triangle  radius  ;  and 
certainly  without  such  an  arrangement  it  would 
have  been  incomplete. 

In  each  case  the  radius,  or  given  side,  is  one 
fathom,  being  the  most  convenient  and  familiar 
proportion  that  could  have  been  introduced. 

The  principal  calculations  include  every  quarter, 
or  fifteen  minutes  of  a  degree,  and  extend  from  1  to 
89  degrees,  being  sufficiently  extensive  and  minute 
for  mining  purposes  (the  angle  of  any  intermediate 
division  not  being  distinguished  or  required) ;  and 
here,  it  must  be  observed,  that  the  divisions  are 
expressed  by  15,  30,  and  45  minutes,  which  num- 
bers represent  J,  ^,  and  f  of  a  degree. 

The  first  and  most  essential  table  is  that  wherein 
the  hypothenuse,  or  longest  side,  is  made  radius, 
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extending  nearly  throughout  the  quadrant,  and 
every  calculation  wrought  out  to  five  decimal  places 
of  an  inch,  hereby  giving  a  direct  answer,  in  exact 
ratio  to  six  feet  of  the  given  side,  to  the  ten  thou- 
sandth part  of  an  inch. 

Perhaps  there  may  be  a  little  difficulty  at  first, 
with  persons  unacquainted  with  mathematical  order, 
in  reading  the  first  table.  It  must  be  remarked, 
that  from  1°  to  45°,  or  the  middle  of  the  quadrant, 
the  degrees  and  parts  are  all  on  the  left-hand  side 
descending,  the  base  stands  in  the  adjoining  co- 
lumns, and  the  perpendicular  on  the  same  line  to 
the  right  ;  but  beyond  that  point  the  degrees  will 
be  found  on  the  right-hand  side  ascending,  and  then 
it  must  be  specially  noted  that  the  perpendicular 
and  base  will  have  changed  their  positions,  the  base 
now  standing  on  the  right  hand,  and  the  perpen- 
dicular on  the  left  hand  side. 

In  the  second  table  the  perpendicular  is  given 
and  the  angles  extend  to  60°.  One  valuable  min- 
ing property  of  this  table  is,  that  it  gives  at  sight 
the  underlay  in  a  fathom  of  every  angle  within  the 
range  of  60°  including  the  divisions  :  so  that  if  it  is 
required  to  know  the  underlay  in  a  fathom  on  any 
degree,  or  quarter  of  a  degree,  between  1  and  60,  it 
will  He  immediately  discovered  by  an  inspection  of 
the  base  in  the  column  adjoining  the  given  angle 
in  this  table. 

In  the  third  and  last  table  the  base  is  given,  and 
as  the  application  of  this  part  of  the  work  is  not  so 
general  as  the  preceding,  the  angles  have  been 
given  in  degrees  only  :  nevertheless  this  table  is 
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indispensable  on  some  occasions,  especially  in  level- 
ling or  driving  adits.  It  will  be  found,  like  the 
second  table,  to  extend  from  1  to  60  degrees. 

Having  thus  briefly  stated  the  nature  of  the 
work  under  each  separate  head,  it  only  remains 
for  us,  after  a  few  general  observations,  to  recom- 
mend the  learner  to  the  inspection  of  the  following 
examples  ;  for  we  believe  that  one  practical  opera- 
tion will  do  more  towards  giving  him  a  clear 
understanding  or  comprehension  of  the  subject, 
than  a  volume  written  expressly  thereon,  confined 
to  mere  speculative  description. 

It  may  be  remarked  that,  in  almost  every  instance, 
the  geometrical  construction  of  the  figure  is  intro- 
duced, with  the  calculation,  which  will  tend  to  the 
satisfaction  of  the  practitioner  and  improvement 
of  the  beginner. 

In  conclusion  we  would  remark,  that  the  same 
attention  must  be  paid  in  taking  the  angle,  and 
measuring  the  given  line,  when  these  tables  are 
used,  as  if  the  operation  were  performed  any  other 
way. 

It  is  a  common  practice  in  mining  to  take  the 
angle  of  underlaying  shafts  with  the  cover  of  the 
dial  and  a  plumb-line  ;  and  in  short  drafts,  with 
great  care,  this  method  may  answer  well  enough  : 
but  when  any  very  important  work  is  to  be  performed, 
we  would  strongly  recommend  the  application  of  a 
more  perfect  instrument  for  ascertaining  the  angle ; 
for  it  is  well  known,  that  if  this  part  of  the  process 
should  not  be  correct,  the  result  of  the  whole  work 
must  be  erroneous  as  a  matter  of  course;  and  in- 
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deed  it  is  next  to  impossible  to  distinguish  the  mi- 
nutia  of  an  angle,  with  any  tolerable  degree  of  cer- 
tainty, by  the  foregoing  method.  There  doubtless 
are  instruments  much  better  adapted  to  the  work, 
both  for  speed  and  accuracy,  than  the  dial ;  and  it 
is  matter  of  surprise  that  they  have  not  been  more 
generally  introduced  in  our  mines  :  of  these  instru- 
ments the  Theodolite  certainly  stands  unrivalled 
for  taking  both  horizontal  and  vertical  angles. 

It  is  not  our  design  to  enter  into  controversy  on 
this  subject ;  those  who  imagine  the  sextant  or 
quadrant  graduated  on  the  cover  of  the  dial  well 
calculated  for  the  purpose,  let  them  continue  to  use 
it ;  only  we  would  especially  note,  that  should  an 
error  ensue,  it  ought  by  all  means  to  be  attributed 
to  the  real  cause,  and  to  that  only :  for,  as  in  all 
trigonometrical  questions,  the  angle  and  side  are 
always  given  to  find  the  other  parts  of  the  triangle, 
consequently  the  sum  of  the  one,  and  length  of  the 
other,  are  presupposed  to  have  been  correctly  ascer- 
tained, previous  to  the  commencement  of  any  other 
operation. 

Finally,  for  the  learner's  sake,  we  observe,  that  as 
the  tables  exhibit  only  the  relative  proportions  to 
the  radius  of  one  fathom,  or  six  feet,  and  are  wrought 
out  to  five  places  of  decimals  to  an  inch,  it  becomes 
necessary  that  every  one  who  would  use  this  work 
successfully  should  have  some  knowledge  of  deci- 
mated arithmetic  ;  because  he  will  have,  in  most 
cases,  to  multiply  for  the  whole  numbers,  and  take 
parts  for  the  fraction  of  the  fathom.  For  example  : 
suppose  the  given  side  to  be  the  hypothenuse,  mea- 
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suring  16  fathoms,  3  feet,  and  6  inches,  he  will 
then  have  to  take  out  the  numbers  opposite  the 
given  angle  in  the  tables,  and  multiply  them  by  16, 
for  the  base  and  perpendicular  respectively,  then 
divide  half  the  tabular  measure  for  the  3  feet,  and 
one  sixth  of  the  remainder  for  the  6  inches,  and 
add  them  together  for  the  sum  of  the  required  sides 
of  the  triangle.  We  have  therefore  introduced  the 
following  rules  and  examples  in  decimals,  which  are 
sufficient  to  enable  any  one  hitherto  unacquainted 
with  this  branch  of  arithmetic  to  use  the  tables  with 
the  greatest  facility. 
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EEDUCTION  OF  DECIMALS. 

EULE. — Multiply  the  decimal  by  the  number  of 
parts  in  the  next  less  denomination,  and  cut  off 
as  many  places  to  the  right  hand  as  there  are 
places  in  the  given  decimals. 

EXAMPLE. 

What  is  the  value  of    75014  of  a  fathom  ? 

6 

4-50084 

12 

6-01008 

ft.     in. 

Answer  4     6-01008 

What  is  the  value  of    -93862  of  a  yard  ? 


2-81586 
12 

9-79032 

ft.     in. 

Answer  2     9-79032 

What  is  the  value  of    -27734  of  a  foot  ? 
12 

3-32808 

in. 

Answer  3-32808 

fath.    ft.     in. 

Reduce  5     4     6-32  to  feet,  inches,  and  decimals. 
6 

in. 

Answer  34     6-32 
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ADDITION  OF  DECIMALS. 

EULE. —  Place  the  numbers  so  that  the  decimal 
points  may  stand  directly  under  each  other,  add 
up  as  in  Simple  Addition,  and  cut  off  for  decimals 
as  many  figures  to  the  right  as  there  are  deci- 
mals in  the  greatest  given  number. 

EXAMPLE. 

What  is  the  sum  of  3-72  and  14-7368  and  146-2 
and  -728  and  5-034  ? 

3-72 
14-7368 
146-2 
•728 
5-034 
170-4188 

ft.      in.  ft.     in. 

What  is  the  sum  of  2     11-9942   and   1     4-09658? 
1       4-09658 
4       4-09078 


Add  together  the  following  measures  ;  viz. 


fath. 

6 
0 
19 
64 
0 

ft. 
4 
1 
0 
5 
0 

in.  dec. 

2-260 

11-47298 
3-087 
9-9746 
2-70643 

91 

0 

5-50101 
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SUBTRACTION  OF  DECIMALS. 

EULE.  —  Arrange  and  cut  off  the  decimals  as   in 
Addition. 


From 
Take 


EXAMPLE, 
fath.   ft.     in. 

4  2  9-7824 
2  4  8-91773 

1  4  0-86467 


MULTIPLICATION  OF  DECIMALS. 

EULE.  —  Multiply  as  in  whole  numbers,  and  cut 
off  as  many  figures  from  the  product  as  there  are 
decimals  in  the  multiplier  and  multiplicand. 

EXAMPLE, 
fath.    ft.        in. 

Multiply      2     4       7-92486  by  24 
6 

16     3     11-54916 

4  6x4=24 

66     3     10-19664 


fath.  ft.    in. 
Multiply       9     3     1-4872  by  37 


57     0 


8-9232 
6 


342 
9 


5-5392 
1-4872 


352     1     7-0264 


Here  we  multiply  by  6 
twice  because  6  times 
6  are  36,  and  add  the 
given  number,  which 
makes  it  equal  to  37,  or 
6x6  +  1=37. 


ft.      in. 

Multiply      14     9-746  by  12 
12 

177    8*952 
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DIVISION  OF  DECIMALS. 

EULE. — Divide  as  in  whole  numbers,  and  cut  off 
as  many  figures  in  the  quotient  as  the  decimal 
places  in  the  dividend  exceed  those  of  the  divisor. 


EXAMPLE, 
fath.   ft.      in. 

Divide     2     4     3-7     by  6 
6)2     4     3-7 

fath.  ft. 

7)4     2 

0     2 

8-61 

ft. 
5 

in. 

0-3316 

in. 

10-30994 

fath. 

8)15 

0     3 

10-04427 

1 

5 

10-5414 

ALIQUOT  PARTS  OF  A  FATHOM. 

TABLE. 


Parts 

Feet 

Inches 

i 

of  a  fathom  is 

3 

0 

i 

ditto 

c\ 

0 

i 

ditto 

1 

6 

.1- 

ditto 

1 

0 

i 

ditto 

0       ;       9 

ditto 

0 

8 

A 

ditto 

0             6 

TV 

ditto 

0 

44 

TV 

ditto 

0 

4 

A 

ditto 

0 

3 
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KEMAKKS. 

It  has  been  observed  that  the  radius  in  every 
case  is  6  feet  or  1  fathom ;  consequently  the  num- 
ber of  fathoms  in  the  given  side,  whether  that  side 
be  hypothenuse,  perpendicular,  or  base,  will  be  the 
multiplier  of  the  tabular  numbers,  and  should  there 
be  a  fraction  in  the  multiplier,  the  multiplicand 
must  be  divided  by  that  fraction  agreeably  with 
the  rule  of  practice.  The  table  of  aliquot  parts  of 
a  fathom,  in  the  adjoining  page,  will  be  found 
useful  in  facilitating  this  part  of  the  process. 

In  some  of  the  following  examples  the  product 
has  been  obtained  in  fathoms  and  parts,  but  we 
would  recommend  the  learner  to  carry  on  the  work 
in  feet  (except  in  cases  where  the  answer  is  re- 
quired in  fathoms),  as  he  will  find  it  more  simple 
and  expeditious ;  we  speak  of  the  multiplicand  or 
number  multiplied  :  the  multiplier  must  invariably 
be  fathoms,  and  should  the  given  side  be  nominated 
in  feet,  it  must  be  divided  by  6,  to  bring  it  into 
fathoms,  before  the  operation  is  begun  by  the  fore- 
going cases. 

It  may  be  further  noticed  that  when  any  of  the 
given  sides  in  the  tables  amount  to  6  feet,  they  are 
expressed  in  fathoms,  &c. :  but  whenever  it  may  be 
required  to  produce  the  answer  in  feet,  &c.,  the 
numbers  should  be  reduced  to  that  measure  before 
they  are  multiplied,  and  this  can  be  done  by  mere 
inspection;  viz. 

fath.  ft.      in.  ft.  in. 

Table  2nd,  f  Base     1       1       8-1560 1    .   .     f  Base     7     8-1560 
L  52°      \  Hyp.     1       3       9-6053  /  sti  'e  \  Hyp.    9     9-6053 
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PRELIMINARY   CHAPTER 

TO   THE 

PEACTICAL  DIALLING  EXAMPLES. 


IT  must  have  been  matter  of  regret  to  every  re- 
flecting, well-informed,  and  interested  person,  that 
(previous  to  the  present  work)  nothing  has  ever 
been  published  with  a  design  to  assist  the  British 
miner  in  his  subterraneous  operations  ;  and  while 
the  press  has  teemed  with  publications  distinctly 
and  exclusively  adapted  to  benefit  the  navigator, 
the  architect,  the  sculptor,  the  surveyor,  and  even 
the  mechanic  and  artisan,  not  a  single  effort  has 
ever  been  made  to  extricate  the  miner  from  the 
disadvantages  under  which  he  has  ever  laboured 
(solely  for  the  want  of  a  plain,  concise,  technical, 
and  scientific  treatise  on  dialling,  accompanied  with 
appropriate  tables),  although  his  profession  yields 
to  none  in  importance  and  utility :  in  fact,  it  may  be 
said,  in  a  certain  sense,  to  be  the  parent  of  every 
art  and  science  in  the  world ;  the  use  of  metallic 
substances,  in  some  shape  or  other,  being  indis- 
pensable in  every  one  of  them  :  nevertheless  this 
highly  essential  art  has  hitherto  been  totally  dis- 
regarded by  all  classes  of  mathematicians,  and 
while  the  famous  invention  of  logarithms  has 
caused  the  science  of  trigonometry  to  soar  to  the 
very  skies,  and  traverse  old  ocean's  vast  and 
unfathomable  expanse,  the  unsupported  miner  has 
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been  left  to  struggle  under  the  greatest  disad- 
vantages, with  nearly  as  little  obligation  to  geo- 
metrical science,  as  his  antediluvian  progenitors ; 
and  although  he  has  done  everything  that  deep 
thought,  strong  natural  understanding,  unwearied 
perseverance,  and  inventive  genius  (unassisted  by 
trigonometrical  demonstration)  could  possibly  ac- 
complish, yet,  for  the  want  of  mathematical  light, 
his  exertions  have  been  ineffectual  and  insufficient 
to  disentangle  him  from  the  difficulties  with  which 
he  has  been  encircled  ;  hence  his  avocation  has,  in 
general,  been  replete  with  toil,  anxiety,  apprehen- 
sion, dissatisfaction,  and  disappointment. 

How  far  the  present  work  is  adapted  to  answer 
the  great  end  in  contemplation,  must  be  left  for 
the  judgment  of  the  mining  world  to  decide  ;  and 
we  doubt  not  but  the  defects  (real  or  imaginary) 
which  may  be  considered  to  exist  in  the  application, 
will  be  passed  over  and  excused  by  every  liberal 
man,  on  the  grounds  already  stated  in  the  preface, 
having  an  unshaken  confidence  that  the  fundamen- 
tals of  the  work,  comprised  in  the  trigonometrical 
tables,  will  be  found  plain,  true,  and  unexceptiou-- 
able. 


DEFINITION    OF   RIGHT-ANGLED   TRIANGLES. 

Iii  order  to  .use  the  following  tables  with  due 
effect,  there  is  no  necessity  that  the  reader  should 
understand  anything  of  the  science  of  trigono- 
metry, that  part  of  the  work  having  been  accom- 
plished already  to  his  hand  ;  so  that,  by  the  help 
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of  a  few  of  the  common  rules  of  arithmetic,  he  may 
obtain,  with  the  greatest  ease  and  certainty,  every- 
thing required  to  be  known  in  the  geometrical  part 
of  mining. 

Previous  to  an  elucidation  of  the  simple  method 
of  working  by  the  tables,  it  may  be  satisfactory  to 
introduce  the  operation  by  a  few  preliminary  ob- 
servations and  extracts  on  the  nature  and  pro- 
perties of  right-angled  triangles. 

Plane  trigonometry  is  the  art  of  measuring  the 
sides  and  angles  of  triangles  described  on  a  plane 
surface,  or  of  such  triangles  as  are  composed  of 
straight  lines. 

The  theory  of  triangles  is  the  very  foundation  of 
all  geometrical  knowledge,  for  all  straight-lined 
figures  may  be  reduced  to  triangles.  The  angles  of 
a  triangle  determine  only  its  relative  species,  and 
are  measured  in  degrees,  minutes,  and  seconds  ; 
but  the  sides  determine  its  absolute  magnitude,  and 
may  be  expressed  in  fathoms,  yards,  feet,  or  any 
other  lineal  measure. 

THEOREMS. 

A  right-angled  triangle  (the  only  kind  generally 
necessary  to  be  treated  of  for  mining  purposes)  is 
that  which  has  one  right  angle  in  it  ;  the  longest 
side,  or  that  opposite  to  the  right  angle,  is  called 
the  hypothenuse,  the  other  two  are  called  the  legs 
or  sides,  or  the  base  and  perpendicular  :  or,  by 
Euclid's  definition,  'In  a  right-angled  triangle,  the 
side  opposite  to  the  right  angle  is  called  the 
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HYPOTHENUSE,  and  of  the  other  sides,  that  upon 
which  the  figure  is  supposed  to  stand  is  called  the 
BASE,  and  the  remaining  side  the  PERPENDICULAR.' 

The  three  angles  of  every  triangle  are  together 
equal  to  two  right  angles,  or  180  degrees. 

The  greater  side  of  every  triangle  has  the  greater 
angle  opposite  to  it. 

The  squares  of  two  sides  of  a  triangle  are  together 
double  of  the  square  of  half  the  base,  and  of  the 
square  of  a  straight  line  drawn  from  the  vertex  to 
bisect  the  base. 

The  sum  of  the  three  angles  of  every  plane 
triangle  being  equal  to  half  a  circle,  or  180  degrees, 
it  therefore  follows  that  if  either  acute  angle,  in 
such  triangle,  be  taken  from  90°,  the  remainder 
will  be  the  other  acute  angle,  or  the  complement. 

The  supplement  of  any  angle  is  what  that  angle 
wants  of  180° ;  hence  the  supplement  of  any  one 
angle  is  always  equal  to  the  sum  of  the  other  two. 

A  few  other  properties  of  right-angled  triangles 
may  be  worthy  of  notice,  viz.  :  when  the  angle 
opposite  the  base  is  30°,  the  hypothenuse  is  exactly 
double  the  length  of  the  base. 

When  the  angles  are  45°,  the  base  and  perpen- 
dicular are  equal. 

When  the  angle  opposite  the  base  is  60°,  the 
hypothenuse  is  double  the  length  of  the  perpen- 
dicular. 

APPLICATION. 

To  show  how  a  knowledge  of  the  foregoing 
theorems  may  be  rendered  useful  in  mining  prac- 

c  2 
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tices,  suppose  in  the  triangle  A  B  C,  on  page  24,  the 
base  BA  represented  a  drift  or  cross-cut,  and  the 
side  A  C  a  lode,  making  an  angle  with  the  base  of 
66°  30' ;  consequently  the  angle  A  must  be  23°  30', 
because  it  requires  that  number  of  dgrees  to  con- 
stitute a  right  angle,  the  complement  of  the  angle 
A,  or  180°,  the  supplement  of  the  triangle  ABC. 

Again,  suppose  the  angle  C  of  the  diagonal  shaft 
CA,  page  25,  were  found  to  be  39°  30',  then  the 
opposite  angle  A  must  contain  50°  30'. 

We  now  approach  towards  the  actual  use  of  the 
tables,  and  have  succeeded,  we  hope,  in  clearing  all 
impediments  out  of  the  learner's  way,  so  that  he 
will  find  no  difficulty  in  readily  applying  the 
numbers  to  dialling  operations.  We  have  previ- 
ously set  a  few  examples  of  the  mere  act  of  taking 
out  the  primes,  and  have  studiously  endeavoured 
to  render  everything  as  perspicuous  and  compre- 
hensible as  the  nature  of  the  work  would  possibly 
admit.  But  should  anyone  have  gone  thus  far  and 
still  find  an  obscurity  hang  over  him,  so  that  he 
cannot  penetrate  into  the  nature  of  the  subject  as 
he  would  wish,  or  as  he  may  have  expected, 
yet  let  him  not  be  discouraged ;  this  will  always  be 
the  case  with  everyone  who  calculates  on  fully 
comprehending  anything  connected  with  the  mathe- 
matics by  definition  or  description  only.  Let  him 
steadily,  attentively,  and  perseveringly  proceed  with 
the  examples,  and  if  he  is  properly  interested  in  the 
matter,  he  will  soon  find  the  subject  open  with  per- 
spicuity and  demonstration  on  his  mind,  and  convey 
to  him  the  incontrovertible  assurance  of  the  truth 
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of  the  calculations,  as  well  as  the  correctness  of  his 
own  views,  ideas,  or  conceptions  of  the  subject. 

TABLE  I. — EXAMPLE. 

When  the  angle  is  9°  and  the  hypothenuse  1 
fathom,  what  is  the  length  of  the  other  two  sides 
of  the  triangle  respectively  ? 

(page  68.) 

Answer,  Base  11-26328  Perp.  5     1111356 

EXAMPLE. 

When  the  angle  is  48°  15',  or  48J  degrees*,  and 
the  hypothenuse  1  fathom,  what  are  the  lengths  of 
the  other  sides  ? 

(page  72.) 
ft.     in.  ft.      in. 

Answer,  Base  4     5-71613  Perp.  3     11-94348 

TABLE  H.— EXAMPLE. 

When  the  angle  is  35°  45',  or  35|  degrees,  and 
the  perpendicular  1  fathom,  what  is  the  length  of 
the  hypothenuse  and  base  respectively  ? 

(page  78.) 
ft.    in.  fath   ft.     in. 

Answer,  Base  4     3-8326  Hyp.  1     1     4-7165 


*  In  this  example,  as  the  angle  exceeds  45°,  it  will  be  found 
standing  on  the  right  hand  side  of  the  page  (as  already  explained), 
and  the  denomination  of  the  required  sides  will  be  found  at  the 
bottom.  A  little  attention  to  this  order  will  prevent  the  mistake, 
which  may  otherwise  take  place,  by  an  inversion  of  the  base  and 
perpendicular. 
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EXAMPLE. 

Given  the  angle  59°  30',  perpendicular  1  fathom, 
the  other  sides  are  required. 

(page  81.) 
fath.  ft.    in.  fath.  ft.    in. 

Answer,  Basel     4     2-2317       Hyp.  1     5     9'8612 

TABLE  HI.— EXAMPLE. 

Given  the  angle  5°,  base  1  fathom,  the  hypothenuse 
and  perpendicular  are  required. 


*•) 

fath.  ft.     in.    "  fath.  ft.    in. 

Answer,  Hyp.  11     2     10-10734  Perp.  11     2     6-96374 

EXAMPLE. 

Given  the  angle  30°,  base  1  fathom,  the  other 
sides  are  required. 

(page  83.) 
fath.  ft.    in.  fath.  ft.    in. 

Answer,  Hyp.  200  Perp.  1     4     4-70766 


NOTE. — The  foregoing  examples  serve  only  to  exemplify  the 
manner  of  taking  out  the  primes  from  the  tables ;  and  as  the 
given  side  is  exactly  one  fathom,  of  course  the  tables  give  a 
direct  answer.  In  the  following  examples  the  mode  of  taking 
out  the  tabular  numbers  is  precisely  as  the  foregoing,  but  the 
number  of  fathoms  contained  in  the  length  of  the  given  side, 
will  be  the  multiplier  of  the  other  side  of  the  triangle. 


23 


PLANE  TRIGONOMETRY. 

BY  THE  TABLES. 


CASE  I. 

WHEN   THE   HYPOTHENUSE    IS   GIVEN. 

EULE. — Look  in  the  first  table,  and  against  the 
given  angle  stands  the  base  and  perpendicular, 
answering  to  one  fathom  of  the  hypothenuse  ; 
take  out  these  numbers  and  multiply  them  re- 
spectively by  the  length  of  the  hypothenuse. 

EXAMPLE. 

Given  the  angle  23°  30',  and  hypothenuse  12  fa- 
thoms ;  the  base  and  perpendicular  are  required. 

OPEKATION. 

BASE.  PERPENDICULAR. 

Feet    2  .  4-70993  Feet     5  .  6-02833 

12  12 

28  .  8-51916  66  .  0-33996 
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BY   CONSTRUCTION. 
PROCESS.  SCALE— 40  feet  to  an  inch. 

Draw  the  line  A  B  of  any  length, 
make  the  angle  0  =  23°  30'  by 
a  scale  of  chords,  or  with  a  pro- 
tractor; draw  the  hypothenuse 
A  0=72  feet  from  a  scale  of 
equal  parts.  From  C  let  fall  the 
perpendicular  C  B ;  then  ABC 
is  the  triangle  required.  A  B, 
measured  by  the  same  scale  of 
equal  parts,  will  be  28  feet  8J 
inches,  and  B  C  will  be  66  feet. 

CASE  II. 

WHEN  THE   PERPENDICULAR   IS   GIVEN. 

RULE. — Look  in  the  second  table,  and  opposite 
the  given  angle  will  be  found  the  base  and 
hypothenuse  corresponding  to  one  fathom  of  the 
perpendicular ;  multiply  these  numbers  sepa- 
rately by  the  length  of  the  perpendicular. 

EXAMPLE. 

Given  the  angle   39°  30',  and  perpendicular  9 
fathoms    3    feet;    the    hypothenuse    arid   base   are 


equired. 

OPERATION. 

fath. 

ft. 

in. 

fath. 

ft. 

in. 

3 

1 

o 

4 

11-3522               3 

i        1 

1 

9-3096 

9 

9 

7 

2 

6-1698 

11 

3 

11-7864 

0 

2 

5-6761 

0 

3 

10-6548 

Base  7 

4 

11-8459*                Hyp.  12 

1 

10-4412 

*  It  has  been  before  observed  that  it  would  be  better  to  bring 
the  answer  out  in  feet  than  in  fathoms,  as  in  the  last  case. 
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BY    CONSTRUCTION. 

PROCESS. 

Draw  the  line  A  B  of  a  suf- 
ficient length,  at  any  point 
B  erect  the  perpendicular 
B  C,  which  make  equal  to 
57  feet  by  a  scale  of  equal 
parts.  At  C  make  the 
angle  =  39°  30',  the  com- 
plement of  A.  From  C 
draw  the  hypothenuse,  and 
it  will  cut  the  base  A  B  in 
the  point  A ;  then  will  A  B  A 
measure  47  feet,  and  A  C 
73  feet  10  inches. 


CASE  HI. 

WHEN   THE   BASE    IS   GIVEN. 

EULE. — Look  in  the  third  table,  and  opposite  the 
given  angle  (as  in  the  former  cases)  the  corre- 
sponding numbers  to  one  fathom  of  base  will  be 
seen,  which,  being  multiplied  by  the  given  length 
of  the  base,  produces  the  hypothenuse  and  per- 
pendicular. 


EXAMPLE. 


Given  the  angle  20  degrees,  and  base  28  feet  9 
inches ;  the  hypothenuse  and  perpendicular  are 
required. 
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i 

1 

yp- 

ft. 

17 

in. 

6-51392* 
4 

i 

t 

ft. 
16 

?81837* 
4 

70 
8 
2 
2 

2*05568 
9-25696 
11-08565 
2-31424 

65 

8 
2 
2 

11-27348 
2-90918 
8-96972 
0-72729 

84 

0-71253    Perp. 

78 

11-87967 

BY  CONSTRUCTION. 

PROCESS. 

Draw  the  base  A  B,  which  make  =  28 
feet  9  inches,  from  a  scale  of  equal 
parts,  at  B  erect  the  perpendicular 
B  C,  make  the  angle  A  =  70°  and 
draw  the  hypothenuse  A  C  to  cut 
the  perpendicular  B  C  in  the  point 
C ;  then  will  A  C  measure  84  feet, 
and  B  C  78  feet  llj  inches. 


*  These  numbers  stand  in  the  tables  in  fathoms,  &c. ;  the 
hypothenuse  will  be  found  2  fathoms  5  feet  6  inches,  &c.,  and 
the  perpendicular  2  fathoms  4  feet  5  inches,  &c. 
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APPLICATION   OF   THE   TABLES 

TO 

DIAGONAL  SHAFTS. 

KEMAEKS. 

As  in  the  foregoing  cases  each  side  of  the  triangle 
is  distinctly  made  radius,  it  follows  that  every 
problem  in  oblique  dialling,  &c.,  can  be  solved  by 
one  or  the  other  of  these  cases ;  because,  in  every 
instance,  a  side  and  the  angles  are  always  given. 

GENERAL  RULE. 

When  the  hypothenuse  is  given,  work  by  case  the 

first. 
When  the  perpendicular  is  given,  work  by  case  the 

second. 
When  the  base  is  given,  work  by  case  the  third. 

EXAMPLE  1. 

A  diagonal  shaft  A  B  was  found  to   measure   84 
feet,*  and  the  angle  of  declination  observed  to 

*  When  the  given  line  is  denominated  in  feet,  it  must  be 
brought  into  fathoms  by  dividing  it  by  6  (the  number  of  feet 
in  a  fathom)  ;  thus  in  the  above  example  the  shaft  being  84  feet 
is  14  fathoms,  and  therefore  the  numbers  are  multiplied  by  7 
and  2,  -which  are  equal  to  14. 
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be  48  degrees ;  required  the  base  B  C,  and  per- 
pendicular A  C. 


BY  CASE  I. 


L   48°  4     5-50643 

7 

31     2-54501 

2 

Base      62     5-09002 


ft.     in. 

4    0-17740 

7 


28     1-24180 
2 

Perp.  56     2-48360 


EXAMPLE  2. 

A  perpendicular  shaft  B  C,  measuring  57  feet, 
was  found  to  intersect  an  underlaying  shaft  A  C, 
whose  angle  of  acclivity  was  observed  to  be  50°  30'; 
required  the  length  of  the  underlaying  shaft  A  C, 
and  the  distance  from  the  perpendicular  at  the  sur- 
face A  B. 


DIAGONAL   SHAFTS. 


29 


Comp.    ? 
39°30'J 


BY  CASE  H. 


in. 

11-3522 
9 


44 
2 


6-1698 
5-6761 


AB  46     11-8459 


Hyp-    * 


ft.     in. 
7       9-3096 
9 


69     11-7864 

3     10-6548 

AC  73     10-4412 


NOTE. — In  the  above  example,  the  angle  having  again  been 
taken  with  the  horizon,  the  operative  angle  will  be  39°  30', 
because  50°  30' — 90°  =  39°  30'.  We  may  also  observe  that, 
the  length  of  the  shaft  being  57  feet,  the  multiplier  is  9-|,  or  9 
fathoms  3  feet. 


EXAMPLE  3. 

A  horizontal  cross-cut  B  C  from  the  foot  of  a 
diagonal  B  A  to  a  perpendicular  shaft  C  A  was 
found  to  measure  224  feet  8  inches,  and  the  angle 
of  acclivity  (taken  at  B,  the  foot  of  the  shaft)  40 
degrees ;  I  require  the  respective  lengths  of  the 
hypothenuse  A  B  and  perpendicular  A  C. 
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/_40° 

Comp. 

50° 


1 

B 

BY  CASE  III. 

ft. 

in.                 ft. 

in. 

i  7 

9-98932* 

+ 

5 

0-41517 

12 

12 

93 

11-87184 

60 

4-98204 

3 

3 

281 

11-61552 

181 

2-94612 

7 

9-98932 

5 

0-41517 

4   2 

7-32977 

i 

1 

8-13889 

0 

10-44325 

0 

6-71279 

B293 

3-37786        AC  188 

6-21247 

EXAMPLE  4. 

When  a  lode  has  changed  its  underlay. 
EULE. — Take  out  the  numbers  opposite  the  given 
angles,  and   work  them   by   the   former   cases  ; 
then   add   their   sums   together   respectively   for 
the  answer. 

*  It  will  be  observed  that  this  number  stands  in  the  table 
1  fath.  1  ft.  9  98932  in.,  and  the  angle  having  been  taken  at  the 
foot  of  the  shaft,  the  complement  of  that  angle  (i.e.,  what  it  wants 
of  90°)  must  be  used ;  therefore  the  above  tabular  numbers  will  be 
found  in  the  column  opposite  50°,  being  the  complement  of  40°. 
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PROBLEM. 


In  dialling  a  shaft  sunk  on  a  lode,  it  was  found 
that  the  first  draft  B  D  measured  71  feet,  on  an 


angle  of  14°  45',  but  from  that  depth  to  the  foot  of 
the  shaft  C  the  angle  proved  to  be  40°  15',  and  the 
length  D  C  54  feet ;  required  the  distance  from  the 
brace  of  the  diagonal  B,  where  a  perpendicular  shaft 
ought  to  be  sunk,  in  order  to  come  down  exactly  at 
the  foot  of  the  underlay  ;  also  the  depth  of  the  per- 
pendicular A  C. 
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Z14°45' 


BASE. 


0     1 


OPERATION. 


fath.  ft.    in. 


6-33134 
12 


3     0     3-97608 
0     0     3-05522 


3     0     0-92086 


PERPENDICULAR. 

fath.  ft.   in. 
0     5     9-6273 
12 


11     3     7-5276 
0     0  11-6045 


11     2     7-9231 


BASE. 

fath.  ft.    in. 

Z40°15'=  0     3     10-52093 
9 

5     4     10-68837 


PERPENDICULAR. 

fath.  ft.    in. 
0    4     6-95274 

_ 9 

6     5     2-57466 


SUMMARY  OF   BASES. 

fath.  ft.  in. 

3     0  0-92086 

5     4  10-68837 


4     11-60923 


AB52  feet  11  in. 


SUMMARY   OF   PERPENDICULARS. 

fath.  ft.    in. 
11     2     7-9231 
6     5     2-57466 


18     1  10-49776 

_6 

A  C  109  feet  10  in. 


EXAMPLE  5. 

When  a  lode  has  changed  or  reversed  its  under- 
lay from  north  to  south,  or  east  to  west. 

EULE. — Add  all  the  perpendiculars  together,  as  in 
the  last  problem,  but  subtract  the  bases',  made 
by  the  reverse  or  contrary  shafts,  one  from  the 
other ;  the  remainder  will  be  the  true  length  of 
the  base. 
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PROBLEM. 


A  diagonal  shaft  was  found  to  incline  and  mea- 
sure as  follows,  viz. : — 


AB 
BC 

CD 


54  feet  18°  45' 
42  do.  12°  15' 
69  do.  25°  0' 


throughout    the   above   drafts,    the   declination   or 
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underlay  bore  northerly,  but  from  that  depth  D  it 
made  an  angle  of  7°  30'  in  a  southerly  direction, 
and  this  last  draft  D  E  measured  96  feet.  It  is 
required  to  know  the  perpendiculars  and  bases  of  all 
the  foregoing  sides  respectively  and  collectively. 


OPERATION. 


BASES  NORTHERLY. 

fath.  ft.  in. 
Z18°45'=0    1  11-14364 


B  a  2     5     4-29276 


PERPENDICULARS. 

fath.  ft.  in. 
0  5  8-17897 

9 

A  a  8  3  1-61073 


Z12°15'=0  1  3-27680 

7 

C  b  1  2  10-93760 


0  5  10-36062 

7 

B  b  6  5  0-52434 


Z.250  O'=0  2  6-42852 

11 

4  3  10-71372 
0  1  3-21426 


D  c  4  5  1-92798 


0  5  5-25416 

11 

9  5  9-79576 

0  2  8-62708 

C  c  10  2  6-42284 


BASE    SOUTHERLY. 

fath.  ft.  in. 
>  30'= 0    0    9-39789 

8 

1     0    3-18312 

2 

E  d  2     0     6-36624 


fath.  ft.  in. 
0  5  11-38403 

8 

7  5  7-07224 

2 

D  d  15  5  2-14448 
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SUMMARY. 


fath.  ft.     in. 

2  5     4-29276 

1  2  10-93760 

4  5     1-92798 

North   9  1  "5-15834 

South  2  0     6-36624 

7  0  10-79210 

_6 

F  A  42  ft.    10  in. 


PERPENDICULARS. 

fath.  ft.  in. 

8     3  1-61073 

6     5  0-52434 

10     2  6-42284 

15     5  2-14448 


41 
6 


3  10-70239 


F  E  249  ft.  10  in. 


EXAMPLE   6. 

When  a  shaft  has  been  sunk  in  error/ 
exactly  at  right  angles  with  the  lode. 


or  not 


RULE  i. 


Work  for  the  base  and  perpendicular  as  before, 
by  Case  I.;  then  find  the  deviation  by-  the  following 


RULE  II. 

Take  out  the  base  from  the  second  table,  standing 
opposite  the  angle  of  error,  and  multiply  it  by  the 
length  of  the  shaft. 

*  Underlaying  shafts  are  always  intended  to  be  sunk  at  right 
angles  -with  the  lode ;  that  is,  if  the  lode  runs  east  and  west, 
the  horizontal  bearing  of  the  shaft  will  be  either  north  or  south, 
as  the  lode  may  happen  to  underlie.  But  it  is  sometimes  the 
case,  that  through  inattention  of  workmen  or  other  causes,  the 
shaft  has  declined  from  its  true  course  and  inclined  toward  the 
right  or  left ;  and  as  this  is  neither  a  trivial  nor  uncommon  occur- 
rence, and  admits  not  of  development  by  the  ordinary  mode  of 
dialling,  we  have  here  introduced  a  rule  which  will  hold  good 
in  all  cases  of  the  kind. 
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PROBLEM. 

An  oblique  shaft  A  B  was  found  to  measure  89 
feet  6  inches,  on  an  angle  of  53°  15',  and  it  was 
also  observed  that  the  shaft  had  declined  3°  45' 
west  from  the  intended  right  angle  of  the  east  and 
west  lode :  required  the  base  C  D  and  perpendicular 
C  A,  and  how  far  the  shaft  has  departed  from  its 
true  course  AD. 


OPERATION. 


15' 


\ 


ft.     in. 

4     9-69027 

7 

33     7-83189 

! 2 

67  3-66378 
2  4-84513 
1  7-23009 
0  4-80752 


Base  71     8-54652 


3 

2 

0  6 

f 

ft.  in. 
3  7-07937 

7 

25  1-55559 
2 
50  3-11118 
1  9-53968 
1  2-35979 
0  3-58994 

Perp.  53     6-60059 
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THEN   FOE  THE   DEVIATION. 


Table  2nd.—  L  3°  45'  Base 


ft.    in. 

0     4-7189 

7 


9-0323 
2 


5  6-0646 

0  2-3594 

0  0-78 

0  0-19 


5     9-3940 

Thus  it  is  clear  that  if  the  above  shaft  were  sunk 
on  an  east  and  west  lode  and  the  angle  of  error  in- 
clined westerly,  that  the  foot  of  the  shaft  B  would 
be  5  feet  9J  inches  in  that  direction  beyond  its 
designed  course  A  D. 

EXAMPLE    7. 

To  find  the  perpendicular  depth  of  the  junction 
of  lodes. 

CASE  I. 
When  two  lodes  underlay  in  the  same  direction. 

EULE. — Subtract  the  tabular  number  of  the  base 
of  the  lesser  angle  from  the  greater ;  then  by 
direct  proportion,  say, 

As  this  difference 
Is  to  one  fathom  perpendicular, 
So  is  the  distance  of  the  lodes  at  surface 
To  the  junction  of  the  lodes. 
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PKOBLEM. 

Two  lodes  were  discovered  at  the  surface,  12 
fathoms  apart  from  C  to  D,  both  underlaying  north. 
The  southernmost  lode  D  B  made  an  angle  of  38° 
15':  the  other  C  B  23°.  Eequired  the  perpen- 
dicular depth  A  B  where  these  lodes  will  unite, 
supposing  they  both  regularly  continue  their  re- 
spective angles  of  declination. 


OPERATION 

FromZ.380  15'=4 

Take £23°    Q'=2     65-622 

2     2-1980 
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ft.     in. 

Then,  As  2     2-198 
12 

fath.          fath. 
:     1      ::     12 
6 

26-198 

72 
12 

26198)  864-000  (32-9 
78594            6 

78060        5-4 
52396         12 

256640      4-8 

235782 

20858 

fath.     ft.    in. 

Answer  32     5     4  AB 


40 


DIAGONAL  LODES. 


IF  it  is  required  to  find  the  respective  lengths  of 
the  lodes  C  B  and  D  B,  and  the  horizontal  line 
D  A,  work  by  Case  II.,  where  the  perpendicular  is 
given. 

TO  FIND  D  B. 


^38°  15' 


fath.  ft.      in. 
1     1       7-6831 
11 


14    0      0-5141 

3 

42     0       1-5423 

0    0     10-1870 

D  B  41     5      3-3553 


Here  we  multiply  by  33 
and  subtract  from  the  pro- 
duct what  the  hypothenuse 
is  minus  of  that  measure, 
which,  being  eight  inches, 
is  one-ninth  of  a  fathom. 
This  is  the  shortest  method. 


TO  FIND   C  B   AND    D  A,  OR  C  A. 


^23°  on 


fath.  ft.    in. 
0    2     6-5622 
11 


4  4  0-1842 

3 

14  0  0-5526 

0  0  3-3964 
CA13  5  9-1580 


HYPOTHENUSE. 

fath.  ft.    in. 
||1     0     6-2179 
| 11 

11     5    8-3969 
3 

35  5  1-1907 
0  0  8-6908 

C  B  35  4  4-4999 


Then  CA+CD=DA,or  CA  added  to  CD  gives 
the  line  DA,  25  fathoms  5  feet  9  inches,  &c. 
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EXAMPLE   8. 

To  find  the  perpendicular  depth  of  the  junction 
of  lodes. 

CASE  II. 

When  two  lodes,  by  their  underlay,  incline  in- 
directly towards  each  other. 
EULE.  —  Add  the  tabular  bases   together,    then 

find  the  depth  by  direct  proportion  as  in  the  last 

example. 

PKOBLEM. 

Two  lodes  were  observed  36  fathoms  apart  at 
the  surface  from  A  to  C,  the  northernmost  lode  A 
underlaying  south  18°  15',  and  the  southernmost 
lode  C  underlaying  north  31°  45' ;  required  the 


\ 
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depth  B  D  at  which  these  lodes  will  intersect  each 
other. 

OPERATION. 


ft. 
To    z!8°  15'=1 
Add  ^31°  45'=  3 

in. 

11-6220 
8-5550 

5 

8177 

ft.        in. 

Then,  As  5       8*177  : 
12 

foth.     fath. 
1  ::  36 
6 

216 
12 

68-177 

68-177)  2592-0000  (38-0 
204531 

546690 
545416 


12740 

Answer  38  fathoms. 

If  required  to  find  the  length  of  the  lodes  A  D 
and  C  D  and  the  distance  of  the  shaft  B  from 
the  lodes  C  and  A  at  the  surface,  work  by  Case  II. 
thus: 

TO   FIND   A  B   AND   A  D. 

BASE.  HYPOTHENUSE. 

fath.    ft.     in.  fath.    ft.    in. 

LlS°  15' =  0  1  11-622        1  0  3-8135 


1  5   9-732        6  1  10-8810 
6  6 


11     4     10-392  37     5     5-2860 

0     3     11-244  2     0     7-6270 

A  B  12    2     9-636          A  D  40     0     0-9130 
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TO   FIND   BC   AND   CD. 

BASE.  HYPOTHENUSE. 

fath.    ft.     in.  fath.    ft.     in. 

L  31°  45'  =  0  3  8-555        1  1  0-7008 


3  4  3-330       7  0  4-2048 
6  6 


22  1  7-980       42  2  1-2288 
1  1  8-110       2  2  1-4016 

BC*23     3     1-090        CD  44     4     2-6304 


*  It  may  be  observed  that  A  B  and  B  C  added  together  do 
not  make  36  fathoms,  by  something  more  than  an  inch :  now 
this  does  not  happen  through  any  defect  in  the  tables,  but  be- 
cause the  perpendicular  has  not  been  worked  out — for  if  the 
remainder  (12740)  were  prosecuted,  the  perpendicular  would 
prove  to  be  38  fath.  0  ft.  1*3392  in.,  instead  of  38  fathoms, 
which  addition  to  multipliers  would  make  up  the  exact  defi- 
ciency. 
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PEEPENDICULAE  SHAFTS 


LEVELS, 


EULE. — When  the  angle  of  acclivity  is  given,  take 
the  complement  (or  what  it  wants  of  90°)  for 
the  operative  angle;  in  every  other  particular, 
work  by  the  former  cases. 


EXAMPLE    1. 

A  perpendicular  shaft  having  been  sunk  from 
the  top  of  a  hill  at  A,  from  whence  the  slope  to  C 
measured  330  feet :  It  is  required  to  know  the 
length  an  adit  must  be  driven  from  the  base  of  the 
hill  at  C  to  intersect  the  shaft  at  B,  and  what  will 
be  the  depth  of  the  shaft  at  that  intersection,  the 
angle  of  acclivity  at  C  being  41  degrees. 
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BY  CASE  II. 


PERPENDICULAR, 
ft. 

Comp.  of  1      3 
41°  is  49°  J 


35 


212 
3 


in. 

11-23625 


5-12625 
6 


6-75750 
11-23625 


216       5-99375 


BASE. 

ft.    in. 

4     6-33909 


40 


9-05181 
6 


244     6-31086 

4     6-33909 

249     0-64995 


EXAMPLE    2. 

An  adit  having  been  driven  75  fathoms  from  A 
to  B,  required  to  know  how  far  up  the  hill  from  A 
I  ought  to  measure  in  order  that  a  perpendicular 
may  be  sunk  to  intersect  the  adit  at  x,  58  fathoms 
from  the  tail  at  A ;  also  the  depth  of  the  shaft  C  x, 
the  angle  of  acclivity  from  A  towards  C  being  33 
degrees.  Or  thus:  —  Given  the  base  58  fathoms; 
angle  of  acclivity  33°,  of  which  the  complement  or 
angle  of  declivity  is  57  °;  required  the  hypothenuse 
and  perpendicular. 
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SHAFTS  AND  LEVELS. 


BY  CASE  III. 

HYPOTHENUSE. 

ft.       in. 
Comp.  /_  33°  is  57°=     7       1-85016 


57       2-80128 
7 

400   7-60896 
14   3-70032 

A  C  414  11-30928 


PERPENDICULAR, 
ft.        in. 

3       10-75735 


31 


2-05880 

7 


218         2-41160 

7         9-51470 

Cx225       11-92630 


EXAMPLE    3. 

From  the  foot  of  a  perpendicular  shaft  AB,  70 

36-1  .5 


SHAFTS   AND    LEVELS. 


47 


fathoms  in  depth,  a  cross-cut  was  driven  south  14 
fathoms  3  feet  in  length  (C),  where  a  lode  was 
discovered  underlaying  north,  and  the  angle  of  as- 
cension or  elevation  72°  45' :  required  the  length  of 
this  lode  from  the  end  of  the  drift  C  to  the  surface 
D :  also  the  distance  from  the  brace  of  the  perpen- 
dicular shaft  A  to  the  back  of  the  lode  at  grass 
(D),  supposing  the  lode  to  have  a  regular  underlay. 


BY  CASE  II. 

BASE.  HTPOTHENDSE. 

fath.  ft.    in.  fath.  ft.    in. 

Comp.  of          "1      0     1     10-3560  1     0    3-3911 

L  72°  45'  is  17°  15'  /    7  7 

2     1       0-4920                7     1  11-7377 
10  10 

21     4      4-9200  73     1     9-3770 

Add  length  of  drift  14     3       0 

36     1       4-92 


ANSWER. 


Length  of  lode 
Distance  from  shaft  "I 
at  the  surface         J 


fath. 

73 


36     1     5 
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EXAMPLE   4. 

From  the  depth  of  36  fathoms 
4  feet,  in  an  engine  shaft  AB,  a 
cross-cut  was  driven  which  pierced 
a  lode  C,  14  fathoms  2  feet  from 
B.  The  lode  was  found  to  make 
an  angle  of  30  dgrees,  inclining 
towards  the  shaft.  Eequired  the 
depth  at  which  the  shaft  will 
intersect  the  lode,  and  the  length 
of  the  lode  from  C  to  the  point  of 
intersection  o. 


£30* 


BY  CASE  III. 

HTPOTHENUSE. 

fath.   ft.    in. 

i)   2      0      0 

2 


/ 


PERPENDICULAR, 
fath.    ft.      in. 

i)  1     4     4-70766 

2 


4     0 


3     2 


28 
0 


24 
0 


9-41532 

7 

1    Ir9072 
3     5-569 


28     4     0 


24     4   11-47624 


ANSWER. 


Depth  from  A  to  B 
Depth  from  B  to  o 
Extreme  depth 

fath. 

Length  from  C  to  o   28 


fath. 

ft. 

in. 

36 

4 

0 

24 

4 

11-47624 

61 

2 

11-47624 

ft. 

4 
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SLIDES. 


WHEN  a  lode  has   been  thrown  up  by  a  slide,  to 
find  the  base  and  perpendicular. 

EULE. — Add  the  bases  made  by  the  segments  of 
the  lode  together  for  the  horizontal,  and  subtract 
the  perpendicular  made  by  the  accession  of  the 
slide  from  the  sum  of  the  others  for  the  perpen- 
dicular. 


EXAMPLE. 

A  shaft  having  been  sunk  on  a  lode  114  feet 
from  A  to  B,  on  an  angle  of  54°  30',  at  this  place 
the  lode  was  separated  and  thrown  up  by  a  slide, 
from  B  to  C,  32  feet,  the  angle  of  elevation  at  B 
being  47° :  at  C  the  lode  was  again  cut  and  pro- 
secuted on  an  angle  of  51°,  from  C  to  D,  73  feet. 
Required  to  know  the  length  from  A  to  E  at 
surface,  where  a  perpendicular  shaft  should  be  put 
down,  that  would  intercept  the  lode  at  the  foot  of 
the  diagonal  C  D  ;  also  the  depth  of  the  shaft  E  D. 
E 
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SLIDES. 


THE   FOREGOING   EXAMPLE   BY   THE   TABLES. 


Z.A54°3(y= 


BASE. 

ft.  in. 
4  10-61632 
6 

PERPENDICULAR. 

ft.  in. 
3  5-81062 
6 

29  3-69792 
3 

20  10-86372 
3 

87  11-09376 
4  10-61632 

62  8-59116 
3  5-81062 

92  9-71008 

66  2-40178 

SLIDES. 


51 


L  B 
Comp. 

47°  0'  I 
43°  0'  J  ~ 

BASK. 

ft.     in. 
£1  4  1-10388 
I                 " 

20  5-51940 
1  4-36796 

21  9-88736 


PERPENDICULAR. 


in. 

4-65747 
5 


21  11-28735 
1  5-552 

23    4-83935 


lier\ 
^5  feth~  2  ftj 


L  C  .51°  (X 


in. 

7-95451 
12 


55  11-45412 
0     9-32575 

56  8-77987 


ft.         in. 
3     9-31107 
12 


45     3-73284  /Multiplien 
U2  fa.  1 


0     7-55184 
45  11-28468 


IftJ 


SUMMARY. 


BASES. 


ft.    in. 
92  9-71008 
21  9-88736 
56  8-77987 
Answer  E  A  =  171  4-37731 


PERPENDICULARS. 

ft.     in. 

A=  66     2-40178 
C=  45  11-28468 


112 
B=  23 


1-68646 
4-83935 


=  88     8-84711 


NOTE. — Perpendiculars  to  strike  B  or  C  and  their  respective 
horizontal  distances  from  A  are  shown  by  the  sums  of  the  first 
and  second  operation  in  the  above  calculations. 


When  a  lode  has  been  thrown  down  by  a  slide. 

EULE. — Add  the  perpendiculars  together  for  the 
depth,  and  subtract  the  base  of  the  slide  from 
the  bases  of  the  segments  of  the  lode  for  the 
horizontal. 

E   2 
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SLIDES. 


EXAMPLE. 

A  shaft  A  B  having  been  sunk  77  feet  on  a  lode, 
which  made  an  angle  of  34°  45',  it  was  there  found 
that  a  slide  had  severed  or  disjointed  the  lode  and 


carried  it  downward  from  B  to  C  40  feet,  on  an 
angle  of  depression  or  declivity  59°.  Here  (at  C) 
the  lode  was  again  discovered,  and  wrought  102 
feet  from  C  to  D,  on  an  angle  of  42°  15';  required 
the  depth  of  the  vertical  line  DE,  and  length  of 
the  horizontal  A  E. 


SLIDES. 
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NOTE. — Should  it  be  required  to  find  the  proper  depth  in  the 
shaft  D  E  from  whence  to  drive  a  cross-cut  to  strike  the  end  of 
the  shaft  A  B  (where  the  slide  first  appeared) — the  perpendicular 
of  the  first  draft  gives  the  depth,  and  the  length  of  the  cross-cut 
will  be  found  by  subtracting  the  base  of  the  first  draft  from  the 
horizontal  line  A  E  ;  and  should  it  be  necessary  to  make  a  drift 
from  the  shaft  D  E  to  the  angle  C  (where  the  lode  was  again 
discovered),  the  depth  will  be  found  by  adding  the  perpendiculars 
of  A  and  B  together,  and  the  bases  of  B  and  C  will  be  the  length 
of  the  drift. 


THE  FOREGOING  EXAMPLE  BY  THE  TABLES. 


L  A  34°  45' 


BASE. 

ft.  in. 

3  5-03977 
12 


0-47724 

8-51988 
1-67992 


43  10-67704 


PERPENDICULAR. 

ft. 

in. 

i 

4 

11-15858 

12 

59 

1-90296 

2 

5-57929 

4 

1 

7-71952 

63 

3-20177 

L  B  59° 


ft. 


1-71605 
•6 


30  10-29630 
2  6-85802 
0  10-28600 


34  3-44032 


in. 

1-08274 
6 


18  6-49644 
1  6-54137 
0  6-18045 


20  7-21826 
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SLIDES. 


L 

ft. 

C  42°  15'  4 

in. 

0-41041 
4 

16 

1-64164 
4 

64 
4 

6-56656 
0-41041 

68 

6-97697 

PERPENDICULAR. 

ft.     in. 

4     5-2957 
4 


17 


9-1828 
4 


71     0-7312 

4     5-2957 

75     6-0269 


SUMMARY. 


PERPENDICULARS. 


L  A.  . 

L   C   .  . 

£  B  .  . 
Ans.  A  E  = 

ft.     in.                                  ft.      in. 

.     43  10-67704              63     3-20177 
.     68     6-97697              ^     ^^Q 

112     5-65401 
.     34     3-44032              75     6-0269 

78     2-21369  DE=159     4-44693 
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HOKIZONTAL  DIALLING. 


EULE. — Observe    which   side    of  the    triangle    is 
given,  and  work  by  the  specified  case. 

When  there  is  more  than  one  draft  in  the  opera- 
tion, add  the  sums  of  the  respective  sides  together 
for  the  answer. 


EXAMPLE  1. 

Being  required  to  put  down  a  shaft  618  feet  due 
east  of  an  engine  shaft  at  A,  I  am  prevented  from 


measuring  in  a  direct  line  by  intervening  hills  and 
wood :    I  therefore  find  it  necessary,   in  order  to 
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avoid  these  obstructions,  to  go  on  an  angle  of  27° 
south  of  east  from  the  shaft  A.  What  distance 
must  I  proceed  in  this  direction  before  I  come  at 
right  angles  with,  or  due  south  of,  the  eastern  ex- 
tremity of  the  given  line,  and  how  far  must  I  then 
measure  in  a  northerly  direction  to  come  exactly 
on  the  required  spot?  Or  the  question  may  stand 
thus:— Given  the  perpendicular  618  feet,  angle 
27° ;  the  hypothenuse  and  base  are  required. 


OPERATION. 

BASE.  HYPOTHENUSE. 

ft.     in.  ft-      in. 

27°=      3    0-6858  6     8-8075 

10  10 


30     6-8580  67     4-0750 

10  10 


/Multiplierx  305     8-5800  673     4-7500 

V 103  fath. ;  9     2-0574  20     2-4225 

314  10-6374  693     7-1425 


EXAMPLE   2. 

It  being  required  to  find  the  distance  between 
two  shafts  A  and  B,  which  are  inaccessible  to  a 
direct  measurement  on  account  of  a  marsh  or  lake 
lying  in  the  way  :  I  consequently  measure  352  feet 
on  an  angle  of  63°  south  of  west,  from  A  to  C ;  at 
this  station  (C)  I  can  see  the  shaft  B,  which  I  find 
by  observation  bears  29°  north  of  west,  and  the  line 
from  C  to  B  measures  615  feet :  how  far  are  these 
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shafts  apart  in  a  right  line  ?     Or  the  question  may 

stand  simply  thus  :  — 

f  Given  angle  63°,  hypothenuse  352  feet.  1 
I  Given  angle  29°,  hypothenuse  615  feet.  J 

The  sum  of  the  perpendiculars*  is  required. 


OPEEATION. 

PERPENDICULAR, 
ft.      in. 

2     8-68732  L  C29C 
11 


29  11-56052 
5 


149  9-80260 

8  2-06196 

1  4-34366 

0  5-44788 


159  9-65610 


ft. 


SUM. 
in. 


PERPENDICULAR. 

ft.     in. 
5     2-97262 
10 


52  5-72620 
10 


524  9-26200 

10  5-94524 

2  7-48631 


537  10-69355 


159     9-65610 
537   10-69355 

Ans.  AB.    69r"8T34965 

*  As  in  this  instance  the  perpendicular  only  is  wanted,  there  is 
no  necessity  for  taking  out  the  other  side. 
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VERTICAL  DIALLING; 

OB  THE 

MENSUEATION   OF   HEIGHTS. 


EULE.  —  Observe  the  given  side  and  angle,- and 
work  by  the  respective  cases  as  heretofore. 


EXAMPLE    1. 

From  the  bottom  of  a  tower  at  B,  I  measured  200 
feet  in  a  direct  line  B  A  on  an  horizontal  plane ;  I 
then  took  the  angle  A  42° :  required  the  height  of  the 
tower  and  staff  B  C. 


MENSURATION    OP   HEIGHTS. 
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OPERATION. 


Complement  of  L 
42°  is  LC  48° 


/  Multiplier  \ 
V53  fath.  2  ftj 


ft.     in. 

5   4-82909 
11 


59   5-11999 

3 

178   3-35997 

1    9-60969 

Ans.  BC  180    0-96966 


In  operations  of  this  nature  the  hypothenuse  need  not  be 
regarded. 

EXAMPLE   2. 

Wanting  to  ascertain  the  height  of  an  irregular 
hill,  I  proceed,  from  the  several  stations  A,  B,  and 
C,  to  take  the  angles  and  measure  the  distances  as 
follows,  viz. : 

From  A  to  B  L  41°     0'  length  210  feet. 

From  B  to  0^22°     0'  length  216  feet. 

From  C  to  DZ.  37°    30'  length  247  feet. 
Required  the  altitude  E  D. 
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MENSURATION   OF   HEIGHTS. 


OPERATION. 


A  41°  0'  Comp.  490  0' 


6)210  feet 

35  Multiplier 


B  22°  0'  Comp.  68°  0' 


6)216 

36  Multiplier 


l_  C  37°  30'  Comp.  52°  30' 


6)247 

41  .  1  Multiplier 


ft.  in. 

A  137  9-26875 

B     80  10-98012 

C  150  4-36875 

Ans.  height  E  D     369  Q-61762 


PERPENDICULAR, 
ft.   in. 

3  11-23625 

_7 

27  6-65375 

5 

137  9-26875 

2  2-97167 
^ 

13  5-83002 
6 

80  10-98012 

i     3  7-83082 
10 


36  6-30820 
4 

146  1-23280 
3  7-83082 
0  7-30513 

150  4-36875 


V 
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MISCELLANEOUS   EXAMPLES   IN    THE 
FOREGOING  RULES. 

Given  the   hypothenuse  14  feet  5  inches,  angle 
88'  :  required  the  base  and  perpendicular.* 

ft.      in. 

A  f  Base  =  14     4-89 

AnSWerlPerp.=     0      6-03 

Given  the  perpendicular  100  feet,  angle  60°  :  re- 
quired the  hypothenuse  and  base. 

ft.         in. 


Given  the  base  118  feet,  angle  (Comp.)  23°  :  re- 
quired the  hypothenuse  and  perpendicular. 

ft.     in. 

Answer  I  HJP-  =  301   U'97 
lPerp.=  278     0-02 

Given  the  angle  53°  :  required  the  underlay  in  a 
fathom.f 

fath.  ft.      in. 

Answer  1      1      11-5472 

Given  the  angle  36°  45'  :  required  the  underlay 
in  a  fathom. 

ft.    in. 
Answer  4     5-5650 

*  In  single  drafts,  one  or  two  figures  of  the  decimal  will  be 
sufficient,  the  others  may  be  rejected. 

f  It  has  been  before  observed,  that  the  underlay  is  given  in 
the  base  of  the  second  table. 


62  MISCELLANEOUS   EXAMPLES. 

Given  the  angle  4°  15'  :  required  the  underlay 
in  a  fathom. 

in. 

Answer  5-3496 

A  diagonal  shaft  having  been  sunk  8°  30'  out  of 
its  true  course  ;  what  will  be  the  extent  of  de- 
parture, supposing  the  length  of  the  shaft  76  feet  ? 

ft.       in. 

Answer  11     4-9577 

Suppose  a  diagonal  shaft  were  sunk  as  follows, 

viz.  : 

ft.       in. 

L  87°  0'  =  14  5 

Z.47  0  =  11  2 

21  87  30  =  36  3 

^69  30  =  26  2 

Z.77  30  =  23  2 

30  =  9  2 


Required  the  sum  of  the  bases  and  perpendicu- 
lars. 

^         (Perp.    52      8-45944 
I  Bases  169     6-90784 

Wanting  to  know  the  distance  between  two 
shafts,  inaccessible  in  a  right  line,  I  measured  from 
the  first  shaft  126  feet,  on  an  angle  of  27°  15'  E.  by 
N.  ;  from  this  station  to  the  second  shaft  the  line 
measured  91  feet,  on  an  angle  of  42°  30'  N.  by  W.  : 
how  far  are  the  shafts  apart  ? 

ft.        in. 

Answer  179     1-3 


MISCELLANEOUS   EXAMPLES.  63 

Wanting  to  know  the  altitude  of  a  precipice,  I 
measured  off  from  its  base  66  feet,  and  from  thence 
I  take  the  angle  to  the  summit,  which  I  find  to  be 
42°  (and  consequently  the  complement  48°)  :  re- 
quired the  height. 

ft.      in. 
Answer  59      5-91999 

At  the  foot  of  a  hill  the  angle  to  the  summit 
was  36°,  from  this  place  an  adit  had  been  driven 
in  a  direct  line  218  feet  :  how  far  must  I  measure 
up  the  hill  to  put  down  a  perpendicular  shaft  on 
the  end  of  the  adit,  and  what  will  be  the  depth  of 
the  shaft? 


Answer  j  H^  or  sl°Pe  281      5>54804 
1  Perp.  or  shaft  158     4-62816 

At  the  foot  of  a  diagonal  shaft,  28  fathoms  in 
length,  sunk  on  a  lode  27°  45'  underlaying  north, 
another  lode  was  cut  making  an  angle  48°  45'  un- 
derlaying south  :  what  is  the  distance  from  the 
brace  of  the  shaft  to  the  back  of  the  north  lode  ? 


FIRST  TABLE. 

BASE.  PERPENDICULAR. 

ft.     in.  ft.     in. 

/.27°45'    2     9-5  5    3-7 

7  7 

19     6-5          37     1-9 

4         4 

78     2-0         148    7-6        Divide  this  by  6  for  the 
multiplier  of  the  2nd  angle, 

fath.  ft.  in. 
which  will  be      24     4    7'6 
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MISCELLANEOUS   EXAMPLES. 


L  48°  45'  "I 
Comp.  > 
41°  15'  J 


THEN — SECOND    TABLE. 

BASE. 

ft.     in. 
5     3-14 
6 


81 


6-84 
4 


126  3-36 
2  7-57 
0  10-52 
0  5-26 
0  0-65 


ANSWER. 

ft.  in. 

Base  of  north  lode     78  2 

Base  of  south  lode  130  3 

Required  distance  208  5 


130    3-36 


A  perpendicular  shaft  having  been  sunk  168  feet 
in  the  side  of  a  mountain,  the  slope  or  declivity 
making  an  angle  with  the  shaft  of  54°  15' :  required 
to  know  how  far  I  must  measure  down  the  hill  to 
get  at  the  right  spot  for  driving  an  adit  to  come  in 
the  exact  depth  of  the  shaft, — the  length  of  the 
adit  is  also  required. 

..  '•     ft.       in. 

A  f  Slope  287      8-58 

AnSWerUdit    233     4-40 

A  lode  underlaying  south  was  observed  to  make 
an  angle  of  17°  15' :  required  to  know  what  dis- 
tance from  the  back  of  the  lode  will  be  proper  for 
sinking  a  perpendicular  shaft  that  shall  intersect 
the  lode  at  the  depth  of  45  fathoms. 


ft. 
Answer  83 


in. 

10-020 


07 


FIRST  TABLE. 

HYPOTHENUSE   RADIUS, 

ONE    FATHOM. 


ANGLE 

BASE 

PERPENDICULAR 

Deg. 

Min. 

Feet 

Ins. 

Decimals 

Feet 

Ins. 

Decimals 

Deg. 

Min. 

1 

0 

0 

•02094 

6 

0 

89 

59 

2 

0 

0 

•04189 

6 

0 

89 

58 

3 

0 

0 

•06283 

6 

0 

89 

57 

4 

0 

0 

•08387 

6 

0 

89 

56 

5 

0 

0 

•10482 

6 

0 

89 

55 

6 

0 

0 

•12576 

6 

0 

89 

54 

7 

0 

0 

•14670 

6 

0 

89 

53 

8 

0 

0 

•16765 

6 

0 

89 

52 

9 

0 

0 

•18859 

6 

0 

89 

51 

10 

0 

0 

•20943  - 

6 

0 

89 

50 

11 

0 

0 

•23038 

6 

0 

89. 

49 

12 

0 

0 

•25132 

6 

0 

89 

48 

13 

0 

0 

•27225 

6 

0 

89 

47 

14 

0 

0 

•29319 

6 

0 

89 

46 

15 

0 

0 

•31414 

5 

11 

•99932 

89 

45 

30 

0 

0 

•62831 

5 

11 

•99726 

89 

30 

45 

0 

0 

•94245 

5 

11 

•99381 

89 

15 

PERPENDICULAR 

BASE 

ANGLE 

NOTE. — This  page  had  no  place  in  the  former  edition,  but 
will  be  found  useful  in  particular  cases  for  long  lines  where  the 
angle  is  required  to  be  very  minute.  It  will  be  seen  that  as 
there  is  but  the  thousandth  part  of  an  inch  difference  in  one 
fathom  between  the  hypothenuse  and  perpendicular  on  the  first 
15'  or  first  ^  of  a  degree,  the  introduction  of  the  decimal  at  any 
less  fraction  would  be  useless. 

F   2 
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FIEST   TABLE. 


ANGLE 

BASE 

PEEPENDICULAR 

Deg. 

Min. 

Feet 

Ins. 

Decimals 

Feet 

Ins. 

Decimals 

Deg. 

Min. 

1 

0 

1 

•25657 

5 

11 

•98903 

89 

15 

0 

1 

•57067 

5 

11 

•98286 

45 

30 

0 

1 

•88474 

5 

11 

•97532 

30 

45 

0 

2 

•19877 

5 

11 

•96664 

15 

2 

0 

2 

•51276 

5 

11 

•95614 

88 

15 

0 

2 

•82666 

5 

11 

•94249 

45 

30 

0 

3 

•14060 

5 

11 

•93147 

30 

45 

0 

3 

•45442 

5 

11 

•91708 

15 

3 

0 

3 

•76819 

5 

11 

•90132 

87 

15 

0 

4 

•08188 

5 

11 

•88420 

45 

30 

0 

4 

•39549 

5 

11 

•86571 

30 

45 

0 

4 

•70902 

5 

11 

•84584 

15 

4 

0 

5 

•02246 

5 

11 

•82461 

86 

15 

0 

5 

•33581 

5 

11 

•80201 

45 

30 

0 

5 

•64905 

5 

11 

•77805 

30 

45 

0 

5 

•96219 

5 

11 

•75272 

15 

5 

0 

6 

•27521 

5 

11 

•72602 

85 

15 

0 

6 

•58811 

5 

11 

•69793 

45 

30 

0 

6 

•90090 

5 

11 

•66853 

30 

45 

0 

7 

•21354 

5 

11 

•63773 

15 

6 

0 

7 

•52605 

,5 

11 

•60558 

84 

15 

0 

7 

•83842 

5 

11 

•57205 

45 

30 

0 

8 

•15063 

5 

11 

•53718 

30 

45 

0 

8 

•46269 

5 

11 

•50093 

15 

7 

0 

8 

•77459 

5 

11 

•46333 

83 

15 

0 

9 

•08633 

5 

11 

•42435 

45 

30 

0 

9 

•39789 

5 

11 

•38403 

30 

45 

0 

9 

•70926 

5 

11 

•34234 

15 

8 

0 

10 

•02046 

5 

11 

•29930 

82 

15' 

0 

10 

•33147 

5 

11 

•25490 

45 

30 

0 

10 

•64228 

5 

11 

•20914 

30 

45 

0 

10 

•95288 

5 

11 

•16203 

15 

9 

0 

11 

•26328 

5 

11 

•11356 

81 

15 

0 

11 

•57347 

5 

11 

•06374 

45 

30 

0 

11 

•88343 

5 

11 

•01256 

30 

45 

1 

0 

•19316 

5 

10 

•96004 

15 

10 

1 

0 

•50267 

1  '5 

10 

•90616 

80 

PERPENDICULAR 

BASE 

ANGLE 

HYPOTHENUSE   RADIUS. 


69 


ANGLE 

BASE 

PERPENDICULAR 

Deg. 

Min. 

Feet 

Ins. 

Decimals 

Feet 

Ins. 

Decimals 

Deg. 

Min. 

10 

15 

0 

•81193 

5 

10 

•85093 

45 

30 

1 

•12096 

5 

10 

•79435 

30 

45 

1 

•42973 

5 

10 

•73643 

15 

11 

1 

•73825 

5 

10 

•67716 

79 

15 

2 

•04650 

5 

10 

•61654 

45 

30 

2 

•35449 

5 

10 

•55458 

30 

45 

2   -66221 

5 

10 

•49128 

15 

12 

1 

2   -96964 

5 

10 

•42663 

78 

15 

1 

3 

•27680 

5 

10 

•36062 

45 

30 

1 

3 

•58365 

5 

10 

•29331 

30 

45 

3 

•89021 

5 

10 

•22464 

15 

13 

4 

•19648  1 

5 

10 

•15465 

77 

15 

4 

•50243 

5 

10 

•08331 

45 

30 

4 

•80807 

5 

10 

•01062 

30 

45 

5 

•11338 

5 

9 

•93663 

15 

14 

1 

5 

•41838 

5 

9 

•86129 

76 

15 

1 

5 

•72204 

5 

9 

•72304 

45 

30 

1 

6 

•02736 

5 

9 

•70663 

30 

45 

1 

6 

•33134 

5 

9 

•62730 

15 

15 

1 

6 

•63497 

5 

9 

•54666 

75 

15 

1 

6 

•93825 

5 

9 

•46469 

45 

30 

7 

;24116 

5 

9 

•38139 

30 

45 

7 

•54371 

5 

9 

•29677 

15 

16 

Z 

•84589 

5 

9 

•21084 

74 

15 

8 

•14769 

5 

9 

•12359 

45 

30 

8 

•44910 

5 

9 

•03502 

30 

45 

8 

•75014 

5 

8 

•94514 

15 

17 

9 

•05076  ! 

5 

8 

•85395 

73 

15 

1 

9 

•35099 

5 

8 

•76143 

45 

30 

1 

9 

•65082  j 

5 

8 

•66762 

30 

45 

1 

9 

•95023  ! 

5 

8 

•57250 

15 

18 

1 

10 

•24922  i 

5 

8 

•47607 

72 

15 

10 

•54779 

5 

8 

•37833 

45 

30 

10 

•84594 

5 

8 

•27931 

30 

45 

11 

•14364  ! 

5 

8 

•17897 

15 

19 

11 

•44091 

5 

8 

•07734 

71 

15 

11 

•73772  i 

5 

7 

•97441 

45 

FEHPENDICULAB 

BASE 

ANGLE 

70 


FIRST    TABLE. 


ANGLE 

BASE 

FEIiPENDICULAR 

Deg. 

Min. 

Feet 

Ins. 

Decimals 

Feet 

Ins. 

Decimals 

Deg. 

Min. 

19 

30 

2 

0 

•03409 

5 

7 

•87019 

30 

45 

2 

0 

•33000 

5 

7 

•76467 

15 

20 

2 

0 

•62545 

5 

7 

•65787 

70 

15 

2 

0 

•92043 

5 

7 

•54977 

45 

30 

2 

1 

•21493 

5 

7 

•44040 

30 

45 

2 

1 

•50895 

5 

7 

•32973 

15 

21 

2 

1 

•80249 

5 

7 

•21779 

69 

15 

2 

2 

•09554 

5 

7 

•10457 

45 

30 

2 

2 

•38809 

5 

6 

•99007 

30 

45 

2 

2 

•68013 

5 

6 

•87429 

15 

22 

2 

2 

•97167 

5 

6 

•75724 

68 

15 

2 

3 

•26270 

5 

6 

•63892 

45 

30 

2 

3 

•55320 

5 

6 

•51932 

30 

45 

2 

3 

•84320 

5 

6 

•39847 

15 

23 

2 

4 

•13264 

5 

6 

•27635 

67 

15 

2 

4 

•42156 

5 

6 

•15297 

45 

30 

2 

4 

•70993 

6 

6 

•02833 

30 

45 

2 

4 

•99776 

5 

5 

•90243 

15 

24 

2 

5 

•28503 

5 

5 

•77528 

66 

15 

2 

5 

•57176 

5 

5 

•64686 

45 

30 

2 

5 

•85791 

5 

5 

•51721 

30 

45 

2 

6 

•14350 

5 

5 

•38631 

15 

25 

2 

6 

•42852 

5 

5 

•25416 

65 

15 

2 

6 

•71295 

5 

5 

.•12077 

45 

30 

!  2 

6 

•99680 

5 

4 

•98614 

30 

45 

2 

7 

•28006 

5 

4 

•85027 

15 

26 

2 

7 

•56272 

5 

4 

•71317 

64 

15 

2 

•7 

•84479 

5 

4 

•57483 

45 

30 

2 

8 

•12622 

5 

4 

•43528 

30 

45 

2 

8 

•40708 

5 

4 

•29448 

15 

27 

2 

8 

•68732 

5 

4 

•15247 

63 

15 

2 

8 

•96692 

5 

4 

•00923 

45 

30 

2 

9 

•24590 

5 

3 

•86478 

30 

45 

2 

.  9 

•52424 

5 

3 

•71911 

15 

28 

2 

9 

•80195 

5 

3 

•57223 

62 

15 

2 

10 

•07902 

5 

3 

•42413 

45 

30 

2 

10 

.35543 

5 

3 

•27483 

30 

PEEPBNDICTJIAH 

BASE 

ANGLE 

HYPOTHEXUSE   RADIUS. 


71 


ANGLE 

BASE 

PEBPENDICULAB 

Deg. 

Min. 

•  Feet 

Ins. 

Decimals 

Feet 

Ins. 

Decimals 

Deg.  Min. 

28 

45 

2 

10 

•63120 

5 

3 

•12433 

15 

29 

2 

10 

•90630 

5 

2 

•97262 

61 

15 

2 

11 

•18073 

5 

2 

-81972 

45 

30 

2 

11 

•45450 

5 

2 

•66561 

30 

45 

2 

11 

•72759 

5 

2 

•51031 

15 

30 

3 

0 

•ooooo 

5 

2 

•35383 

60 

15 

3 

0 

•27173 

5 

2 

•19616 

45 

30 

3 

0 

•54276 

5 

2 

•03730 

30 

45 

3 

0 

•81310 

5 

•$7726 

15 

31 

3 

1 

•08274 

5 

•71605 

59 

15 

3 

1 

•35168 

5 

•55366 

45 

30 

3 

1 

•61990 

5, 

•39009 

30 

45 

3 

1 

•88740 

5* 

•22536 

15 

32 

3 

2 

•15419 

5 

•05946 

58 

15 

3 

2 

•42024 

5 

0 

•89240 

45 

30 

3 

2 

•68557 

5 

0 

•72418 

30 

45 

3 

2 

•95016 

5 

0 

•55481 

15 

33 

3 

3 

•21401 

5 

0 

•38428 

57 

15 

3 

3 

•47711 

5 

0 

•21261 

45 

30 

3 

3 

•73946 

5 

0 

•03978 

30 

45 

3 

4 

•00105 

.4 

11 

•86581 

15 

34 

3 

4 

•26189 

4 

11 

•69071 

56 

15 

3 

4" 

•52195 

4 

11 

•51446 

45 

30 

3 

4 

•78125 

4 

11 

•33709 

30 

45 

3 

5 

•03977 

4 

11 

•15858 

15 

35 

3 

5 

•29750 

4 

10 

•97894 

55 

15 

3 

5 

•55445 

4 

10 

•79819 

45 

30 

3 

5 

•81062 

4 

10 

•61632 

30 

45 

3 

.  6 

•06598' 

4 

10 

•43333 

15 

36 

3 

6 

•32054 

4 

10 

•24922   54 

15 

3 

6 

•57429 

4 

10 

•06401 

45 

30 

3 

6 

•82724 

4 

9 

•87770 

30 

45 

3 

7 

•07937 

4 

9 

•69027 

15 

37 

3 

7 

•33068 

4 

9 

•50176 

53 

15 

3 

7 

•58117 

4 

9 

•31214 

45 

30 

3 

7 

•83082 

4 

9 

•12144 

30 

45 

3 

8 

•07965 

4 

8 

•92965 

15 

PERPENDICULAB 

! 

BASE          !   ANGLE 
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FIRST    TABLE. 


BA8E                                                   PERPENDICULAR 

ANGLE 

Deg. 

if  in. 

Feet 

Ins. 

Decimals  I  Feet 

Ins. 

Decimals 

Deg. 

ytin. 

38 

3 

8 

•32763 

4 

8 

•73678 

52 

15 

3 

8 

•57476 

4 

8 

•54282 

45 

30 

3 

8 

•82105 

4 

8 

•34779 

30 

45 

3 

9 

•06649 

4 

8 

•15168 

15 

39 

3 

9 

•31107 

4 

7 

•95451 

51 

15 

3 

9 

•55478 

4 

7 

•75627 

45 

30 

3 

9 

•79763 

4 

7 

•55697 

30 

45 

3 

10 

•03961 

4 

7 

•35661 

15 

40 

3 

10 

•28071 

4 

7 

•15520 

50 

15 

3 

10 

•52093 

4 

6 

•95274 

45 

30 

3 

10 

•76026 

4 

6 

•74923 

30 

.45 

3 

10 

•998J1 

4 

6 

•54468 

15 

41 

3 

11 

•23625 

4 

6 

•33909 

49 

15 

3 

11 

•47290 

4 

6 

•13246 

45 

30 

3 

11 

•70864 

4 

5 

•92481 

30 

45 

3 

11 

•94348 

4 

5 

•71613 

15 

42 

4 

0 

•17740 

4 

5 

•50643 

48 

15 

4 

0 

•41041 

4 

5 

•29570 

45 

30 

4 

0 

•64250 

4 

5 

•08396 

30 

45 

4 

0 

•87365 

4 

4 

•87122 

15 

43 

4 

1 

•10388 

4 

4 

•65747 

47 

15 

4 

1 

•33318 

4 

.4 

•44271 

45 

30 

4 

1 

•56153 

4 

4 

•22696 

30 

45 

4 

1 

•78894 

4 

4 

•01021 

15 

44 

4 

2 

•01540 

4 

3 

•79247 

46 

15 

4 

2 

•24092 

4 

3 

•57374 

45 

30 

4 

2 

•46547 

4 

3 

•35403 

30 

45 

4 

2 

•68906 

4 

3 

•13335 

15 

45 

4 

2 

•91169 

4 

2 

•91169 

45 

PERPENDICULAR 

BASE 

ANGLE 

75 


SECOND   TABLE. 
PEKPEKDICULAB  EADIUS, 

ONE   FATHOM. 


AN( 

JLE 

BASE 

HYJ 

OTHEN 

USE 

Deg. 

Min. 

Fath. 

Feet 

Ins. 

Decimals 

Fath. 

Feet 

Ins. 

Decimals 

1 

0 

0 

1 

•2568 

1 

0 

0 

•0108 

15 

0 

0 

1 

•5710 

1 

0 

0 

•0171 

30 

0 

0 

1 

•8854 

0 

0 

•0247 

45 

0 

0 

2 

•1998 

0 

0 

•0335 

2 

0 

0 

2 

•5143 

0 

0 

•0432 

15 

0 

0 

2 

•8289 

0 

0 

•0554 

30 

0 

0 

3 

•1435 

0 

0 

•0684 

"45 

0 

0 

3 

•4582 

0 

0  * 

•0828 

3 

0 

0 

3 

•7728 

1 

0 

0 

•0986 

15 

0 

0 

4 

•0882 

1 

0 

0 

•1159 

30 

0 

0 

4 

•4035 

1 

0 

0 

•1346 

45 

0 

0 

4 

•7189 

1 

0 

0 

•1544 

4 

0 

0 

5 

•0328 

1 

0 

0 

•1757 

15 

0 

0 

5 

•3496 

1 

0 

0 

•1980 

30 

0 

0 

5 

•6664 

1 

0 

0 

•2171 

45 

0 

0 

5 

•9825 

1 

0 

0 

•2484 

5 

0 

0 

6 

•2993 

1 

0 

0 

•2736 

15 

0 

0 

6 

•6168 

1 

0 

0 

•3024 

30 

0 

0 

6 

•9336 

1 

0 

0 

•3312 

45 

0 

0 

7 

•2497 

1 

0 

0 

•3636 

6 

0 

0 

7 

•5672 

1 

0 

0 

•3960 

15 

0 

0 

7 

•8841 

0 

0 

•4298 

30 

0 

0 

8 

•2008 

0 

0 

•4658 

45 

0 

0 

8 

•5212 

0 

0 

•5026 

7 

0 

0 

8 

•8402 

0 

0 

•5400 

15 

0 

0 

9 

•1584 

0 

0 

•5803 

30 

0 

0 

9 

•4788 

0 

0 

•6192 

45 

0 

0 

9 

•7992 

0 

0 

•6624 

8 

0 

0 

10 

•1189 

0 

0 

•7056 

15 

0 

0 

10 

•4393 

0 

0 

•7531 

30 

0 

0 

10 

•7604 

1 

0 

0 

•7992 

45 

I    0 

0 

11 

•0808 

1    1 

0 

0 

•8474 

76 


SECOND   TABLE. 


ANGLE 

BASE 

HYPOTHENUSE 

Deg. 

Min. 

Fath. 

Feet 

[us. 

Decimals 

Fath. 

Feet 

Ins. 

Decimals 

9 

15 

0 

o 

0 

o 

11 
11 

•4034 
•7259 

1 
1 

0 
0 

0 
0 

•8971 
•9482 

30 

o 

1 

0 

•0485 

1 

0 

1 

•0008 

45 

o 

1 

0 

•3696 

1 

0 

1 

•0548 

1  0 

o 

1 

0 

•6936 

1 

0 

1 

•1088 

1U 

15 

o 

1 

1 

•0176 

1 

0 

1 

•1664 

30 

o 

1 

1 

•3416 

1 

0 

1 

•2262 

45 

o 

1 

1 

•6692 

1 

0 

1 

•2859 

11 

o 

1 

1 

•9954 

1 

0 

1 

•3476 

15 

o 

1 

2 

•3215 

1 

0 

1 

•4106 

30 

o 

1 

2 

•6484 

1 

0 

1 

•4750 

45 

o 

1 

2 

•9760 

1 

0 

1 

•5410 

12 

o 

1 

3 

•3036 

1 

0 

1 

•6085 

15 

o 

1 

3 

•6326 

1 

0 

1 

•6775 

30 

o 

3 

•9617 

1 

0 

1 

•7481 

45  • 

o 

4 

•2914 

0 

1 

•8202 

13 

o 

4 

•6219 

0 

1 

•8939 

15 

o 

4 

•9538 

0 

1 

•9691 

30 

0 

5 

•2857 

0 

2 

•0459 

45 

0 

5 

•6178 

0 

2 

•1242 

14 

0 

5 

•9496 

0 

2 

•2042 

15 

0 

6 

•2858 

0 

2 

•2857 

30 

0 

6 

•6192 

0 

2 

•3688 

15 

0 

6 

•9576 

0 

2 

•4535 

15 

0 

7 

•2888 

0 

2 

•5399 

15 

0 

1 

7 

•6294 

0 

2 

•6338 

30 

0 

1 

7 

•9670 

0 

2 

•7174 

45 

0 

1 

8 

•3062 

0 

2 

•8087 

16 

0 

1 

8 

•6456 

0 

2 

•9015 

15 

0 

1 

8 

•9858 

0 

2 

•9961 

30 

0 

1 

9 

•3271 

0 

3 

•0443 

45 

0 

9 

•6695 

0 

3 

•1902 

17 

0 

10 

•0126 

0 

3 

•2898 

15 

0 

10 

•3560 

0 

3 

•3911 

30 

0 

10 

•7003 

0 

3 

•4941 

45 

0 

11 

•0472 

0 

3 

•5988 

18 

0 

11 

•3942 

0 

3 

•7053 

15 

0 

11 

•6220 

0 

3 

•8135 

30 

0 

2 

0 

•0905 

0 

3 

•9234 

45 

0 

2 

0 

•4204 

0 

4       -0352 

PERPENDICULAR    RADIUS. 


77 


ANGLE 

BASE 

HYPOTHENUSE 

Deg 

Min. 

Fath 

Feet 

Ins. 

Decimals 

Fath 

Feet 

Ins. 

Decimals 

19 

0 

2 

0 

•7916 

1 

0 

4 

•1487 

15 

0 

2 

1 

•1435 

1 

0 

4 

•2640 

30 

0 

2 

1 

•4965 

1 

0 

4 

•3811 

45 

0 

2 

1 

•8506 

1 

0 

4 

•5000 

20 

0 

2 

2 

•2058 

1 

0 

4 

•6208 

15 

0 

2 

2 

•5622 

1 

0 

4 

•7434 

30 

0 

2 

2 

•9197 

1 

0 

4 

•8679 

45 

0 

2 

3 

•2783 

1 

0 

4 

•9942 

21 

0 

2 

3 

•6262 

0 

5 

•1224 

15 

0 

2 

3 

•9993 

0 

5 

•2526 

30 

0 

2 

4 

•3615 

0 

5 

•3846 

, 

45 

0 

2 

4 

•7251 

0 

5 

•5186 

22 

0 

2 

5 

•0899 

0 

5 

•6545 

15 

0 

2 

5 

•4560 

0 

5 

•7924 

30 

0 

2 

5 

•8234 

1 

0 

5 

•9323 

45 

0 

2 

6 

•1921 

1 

0 

6 

•0741 

23 

0 

2 

6 

•5622 

1 

0 

6 

•2179 

15 

0 

2 

6 

•9336 

1 

0 

6 

•3638 

30 

0 

2 

7 

•3065 

1 

0 

6 

•5117 

45 

0 

2 

7 

•6807 

1 

0 

6 

•6617 

24 

0       2 

8 

•0565 

1 

0 

6 

•8138 

15 

0 

2 

8 

•4336 

1 

0 

6 

•9679 

30 

0 

2 

8 

•8123 

1 

0 

7 

•1242 

45 

0 

2 

9 

•1924 

1 

0 

7 

•2826 

25 

0 

2 

9 

•5741 

0 

7 

•4432 

15 

0 

2 

9 

•9574 

0 

7 

•6059 

30 

0 

2 

10 

•3422 

0 

7 

•7708 

45 

0 

2 

10 

•7287 

0 

7 

•9380 

26 

0 

2 

11 

•1167 

0 

8 

•1073 

15 

0 

2 

11 

•5065 

1 

0 

8 

•2789 

30 

0 

2 

11 

•8979 

1 

0 

8 

•4528 

45 

0 

3 

0 

•2910 

1 

0 

8 

•6290 

27 

0 

3 

0 

•6858 

1 

0 

8 

•8075 

15 

0 

3 

1 

•0824 

1 

0 

8 

•9883 

30 

0 

3 

1 

•4808 

1 

0 

9 

•1714 

45 

0 

3 

1 

•8810 

1 

0 

9 

•3571 

28 

0 

3 

2 

•2831 

1 

0 

9 

•5450 

15 

0 

3 

•2       -6870 

1 

0 

9 

•7354 

30 

0 

3 

3  I    -0928 

1 

0 

9 

•9283 

45 

0 

3 

3  !  "  -5005 

1        0 

10       -1232 

SECOND   TABLE. 


—  — 
ANG 

LE 

BASE 

___ 

HYP( 

)THENT 

J8E 

Deg. 

Min. 

ath. 

Feet 

Ins. 

Decimals 

Fath. 

Feet 

[us. 

Decimals 

29 
30 
31 

15 

30 
45 

15 

30 
45 

1FC 

0 
0 
0 
0 
0 
0 
0 
0 
0 

o 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 

4 
4 
5 
5 
5 
6 
6 
7 
7 

•9102 
•3219 
•7356 
•1514 
•5692 
•9892 
•4112 
•8355 
•2620 
•6907 

0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

10 
10 
10 
10 

11 
11 
11 
11 
11 

0 

•3212 
•5220 
•7251 
•9303 
•1384 
•3494 
•5625 
•7788 
•9976 
•2192 

Jn) 

30 

o 

3 

8 

•1216 

1 

0 

•4436 

4.K 

o 

3 

8 

•5550 

1 

0 

•7008 

oo 

^rt) 

o 

3 

8 

•9906 

1 

0 

•9008 

OS 

•IK 

o 

3 

9 

•4286 

1 

1 

•1338 

Xtl 

Of) 

0 

3 

9 

•8691 

1 

1 

1 

•3696 

ou 
45 

0 

3 

10 

•3119 

1 

1 

1 

•6084 

33 

15 

0 
0 

3 
3 

10 
11 

•7573 
•2053 

1 

1 
1 

1 
2 

•8501 
•0949 

30 

o 

3 

11 

•6558 

1 

2 

•3427 

45 

o 

4 

0 

•1088 

1 

2 

•5937 

34 

0 

4 

0 

•5646 

1 

2 

•8477 

15 

o 

4 

0 

•9931 

1 

3 

•1049 

30 

o 

4 

1 

•4842 

1 

3 

•3653 

45 

o 

4 

1 

•9482 

1 

3 

•6289 

35 

o 

4 

2 

•4149 

1 

3 

•8958 

15 

0 

4 

2 

•8846 

1 

4 

•1660 

30 

0 

4 

3 

•3571 

1 

4 

•4395 

45 

o 

4 

3 

•8326 

1 

4 

•7165 

36 

0 

4 

4 

•3111 

1 

4 

•9969 

15 

0 

4 

4 

•7914 

5 

•2808 

30 

0 

4 

5 

•2772 

5 

•6819 

45 

0 

4 

5 

•5650 

5 

•8591 

37 

0 

4 

6 

•2559 

6 

•1538 

15 

0 

4 

6 

•7501 

6 

•4520 

30 

0 

4 

7 

•2475 

6 

•7540 

45 

0 

4 

7 

•7483 

7 

•0597 

38 

0 

4 

8 

•2526 

7 

•3693 

15 

0 

4 

8 

•7602 

7 

•6831 

30 

0 

4 

9 

•2834 

1 

8 

•0000 

45 

0 

4 

9 

•7861  ' 

1    1 

1 

8 

•3214 

PERPENDICULAR   RADIUS. 


79 


AN 

3LE 

| 

BASE 

HYI 

OTHEJ, 

msE 

Deg. 

Min. 

Fath 

Feet 

Ins. 

Decimals 

Fath 

Feet 

Ins. 

Decimals 

39 

0 

4 

10 

•3044 

1 

1 

8 

.'6467 

15 

0 

4 

10 

•8265 

1 

1 

i  8. 

•9761 

30 

0 

4 

11 

•3522 

1 

1 

9 

•3096 

45 

0 

4 

11 

•8818 

1 

I 

9 

•6473 

40 

0 

5 

0 

•4152 

9 

•9893 

15 

0 

5 

0 

•9525 

10 

•0956 

30 

0 

5 

.  1 

•4938 

10 

•6863 

45 

0 

5 

2 

•0392 

11 

•0413 

41 

0 

5 

2 

•5886 

11 

•4009 

15 

0 

5 

3 

•1420 

1 

11 

•7651 

e 

30 

0 

5 

3 

•7002 

2 

0 

•1338 

45 

0 

5 

4 

•2624 

2 

0 

•5049 

42 

0 

5 

4 

•8291 

2 

0 

•8855 

15 

0 

5 

5 

•4002 

2 

1 

•2686 

30 

0 

5 

5 

•9758 

2 

1 

•6566 

45 

0 

5 

6 

•5705 

2 

2 

•0496 

43 

0 

5 

7 

•1411 

2 

2 

•4476 

15 

0 

5 

7 

•7308 

2 

2 

•8507 

30 

0 

5 

8 

•3254 

2 

3 

•2591 

45 

0 

5 

8 

•9250 

2 

3 

•6727 

44 

0 

5 

9 

•5296 

2 

4 

•0918 

15 

0 

5 

10 

•1393 

2 

4 

•5163 

30 

0 

5 

10 

•7542 

2 

4 

•9463 

45 

0 

5 

11 

•3744 

2 

5 

•3820 

45 

1 

0 

0 

•0000 

2 

5 

•8234 

15 

1 

0 

0 

•6311 

2 

6 

•2706 

30 

1 

0 

1 

•2677 

2 

6 

•7237 

45 

0 

1 

•9101 

2 

7 

•1828 

46 

0 

2 

•5852 

2 

7 

•6481 

15 

0 

3 

•2122 

2 

8 

•1195 

30, 

0 

3 

•8722 

2 

8 

•5973 

4o 

0 

4 

•5382 

2 

9 

•0814 

47 

0 

5 

•2105 

2 

9 

•5721 

15 

0 

5 

•8892 

: 

2 

10 

•0694 

30 

0 

6 

•5742 

2 

10 

•5735 

45 

0 

7 

•2658 

2 

11 

•0844 

48 

0 

7 

•9641 

1 

2 

11 

•6023 

15 

0 

8 

•6692 

1 

3 

0 

•1273 

30 

1 

0 

9 

•3812 

1 

3 

0 

•6596 

45  1 

1 

0 

10 

•1003 

1 

3 

1 

•1991 

SECOND   TABLE. 


_  

HYPOTHENUSE 

ANGLE 

Deg. 

Slin. 

Fath. 

Feet 

[ns. 

Decimals 

Fath. 

Feet 

Ins. 

Decimals 

49 

15 
30 

0 
0 

10 
11 
0 
1 

•826o 
•5601 
•3012 
•0498 

1 

1 

1 

3 
3 
3 
3 

1 

2 
2 
3 

•7462 
•3009 
•8634 
•4337 

50 
51 

45 

15 
30 
45 

1  ^ 

1 
2 
3 
4 
4 
5 

•8062 
•5699 
•3430 
•1236 
•9126 
•7101 

- 

3 
3 
3 
3 
3 
3 

4 
4 
5 
5 
6 
7 

•0122 

•5987 
•1936 
•7970 
•4091 
•0300 

J.U 

30 

AX* 

1 

1 

6 

7 

•5164 
•3316 

3 
3 

7 
8 

•6599 
•2990 

52 

4:t) 
1  ^ 

1 

1 

8 
8 

•1560 
•9893 

1 

1 

3 
3 

8 
9 

•9474 
•6053 

53 

J.U 

30 
45 

15 
30 
45 

1 

1 
1 

2 

2 
2 

9 
10 
11 
0 

1 
2 

•8322 
•6848 
•5472 
•4197 
•3024 
•1956 

1 

3 
3 
3 
4 
4 
4 

10 
10 
11 

0 

1 
1 

•2729 
•9505 
•6381 
•3360 
•0445 
•7636 

54 

IK 

2 

2 

3 
4 

•0995 
•0143 

4 
4 

2 
3 

•4937 
•2350 

55 

J.O 

30 
45 

15 

30 
45 

2 
2 
2 
2 
2 
2 

4 

5 
6 
7 
8 
9 

•9403 
•8776 
•8267 
•7876 
•7606 
•7458 

4 
4 
4 
4 
4 
4 

3 
4 
5 
6 

7 
7 

•9876 
•7520 
•5282 
•3165 
•1172 
•9306 

56 

15 

1 

2 
2 

10 
11 

•7444 
•7556 

4 
4 

8 
9 

•7570 
•6966 

57 

33 
45 

15 

1 
1 
1 

3 
3 
3 

0 
1 
2 
3 

•7801 
•8182 
•8703 
•9365 

4 
4 

5 
5 

10 
11 
0 
1 

•4497 
•3165 
•1976 
•0932 

30 

1 

3 

5 

•0174 

5 

2 

•0034 

58 

45 

1 
1 

3 
3 

6 
7 

•1131 
•2241 

5 
5 

2 
3 

•9287 
•8697 

15 
30 
45 

1 
1 
1 

3 
3 
8 

8 
9 
10 

•3507 
•4933 
•6523 

5 
5 
5 

4 
5 
6 

•8265 
•7994 
•7890 

PERPENDICULAR   RADIUS. 


81 


ANGLE 

BASE 

HYPOTHEJJX'SE 

Deg. 

Min. 

Fath.  Feet 

Ins. 

Decimals 

Fath. 

Feet  j  Ins. 

Decimals 

59 
60 

15 
30 
45 

1 
1 
1 
1 
1 

3 
4 

4 
4 
4 

11 
1 

2 
3 

4 

•7281 
•0211 
•2317 
•4604 

•7077 

1 
1 
I 
1 
2 

5 
5 
5 
5 
0 

7 
8 
9 
10 
0 

•7955 
•8194 
•8612 
•9212 
•0000 

82 


83 


THIRD  TABLE. 
BASE    EADIUS, 

ONE   FATHOM. 


ANGLE 

HYPOTHENUSE 

FEKPENDICITLAB 

Degrees 

Fath. 

Feet 

Ins. 

Decimals 

Fath.  Feet 

Ins. 

Decimals 

1 

57 

1 

9 

•50554 

57 

1 

8 

•87726 

2 

28 

3 

11 

•06698 

28 

3 

9 

•81022 

3 

19 

0 

7 

•72726 

19 

0 

5 

•84186 

4 

14 

2 

0 

•16226 

14 

1 

9 

•64795 

5 

11 

2 

10 

•10734 

11 

2 

6 

•96374 

6 

9 

3 

4 

•80760 

9 

3 

1 

•03424 

7 

8 

1 

2 

•79665 

8 

0 

10 

•39294 

8 

7 

1 

1 

•34135 

7 

0 

8 

•30662 

9 

6 

2 

4 

•25663 

6 

1 

10 

•59011 

10 

5 

4 

6 

•63148 

5 

4 

0 

•33229 

11 

5 

1 

5 

•34070 

5 

0 

10 

•40789 

12 

4 

4 

10 

•30087 

4 

4 

2 

•73337 

13 

4 

2  ' 

8 

•06963 

4 

1 

11 

•86626 

14 

4 

0 

9 

•61672 

4 

0 

0 

•77622 

15 

3 

5 

2 

•18664 

3 

4 

4 

•70766 

16 

3 

3 

9 

•21278 

3 

2 

11 

•09384 

17 

3 

2 

6 

•26186 

3 

1 

7 

•50139 

18 

3 

1 

4 

•99690 

3 

0 

5 

•59321 

19 

3 

0 

5 

•15185 

2 

5 

5 

•10318 

20 

,  2 

5 

6 

•51392 

2 

4 

5 

•81837 

21 

2 

4 

8 

•91082 

2 

3 

7 

•56641 

22 

2 

4 

0 

•20164 

2 

2 

10 

•20626 

23 

2 

3 

4 

•26994 

2 

2 

1 

•62137 

24 

2 

2 

9 

•01872 

2 

1 

5 

•71465 

25 

2 

2 

2 

•36651 

2 

0 

10 

•40450 

26 

2 

1 

8 

•24438 

2 

0 

3 

•62187 

27 

2 

1 

2 

•59363 

1 

5 

9 

•30796 

28 

2 

0 

9 

•36392 

1 

5 

3 

•41231 

29 

2 

0 

4 

•51190 

1 

4 

9 

•89144 

30 

2 

0 

0 

•ooooo 

1 

4 

4 

•70766 

31 

1 

5 

7 

•79549 

1 

3 

11 

•82812 

32 

1 

5 

3 

•86975 

1 

3 

7 

•22408 

o  2 


84 


THIRD   TABLE. 


ANGLE 

HTPOTHENtTSB 

PEBPENDICtTLAB 

Degrees 

Fath 

Feet 

Ins. 

Decimals 

Fath, 

Feet 

Ins. 

Decimals 

33 

5 

0 

•19765 

3 

2 

•87028 

34 

4 

8 

•75699 

2 

10 

•74439 

35 

4 

5 

•52817 

2 

6 

•82666 

36 

4 

2 

•49371 

2 

3 

•09950 

37 

3 

11 

•63809 

1 

11 

•54722 

38 

3 

8 

•94738 

1 

8 

•15579 

39 

3 

6 

•40913 

1 

4 

•91260 

40 

3 

4 

•01211 

1 

1 

•80626 

41 

3 

1 

•74622 

1 

0 

10 

•82652 

42 

2 

11 

•60231 

1 

0 

7 

•96410 

43 

2 

9 

•57201 

1 

0 

5 

•21055 

44 

2 

7 

•64807 

1 

0 

2 

•55818 

45 

2 

5 

•82338 

1 

0 

0 

•00000 

46 

2 

4 

•09178 

0 

5 

9 

•52959 

47 

2 

2 

•44758 

0 

5 

7 

•14108 

48 

2 

0 

•88555 

0 

5 

4 

•82909 

49 

11 

•40094 

0 

5 

2 

•58864 

50 

9 

•98932 

0 

5 

0 

•41517 

51 

8 

•64669 

0 

4 

10 

•30445 

52 

7 

•36931 

0 

4 

8 

•25256 

53 

6 

•15377 

0 

4 

6 

•25589 

54 

4 

•99689 

0 

4 

4 

•31106 

55 

3 

•89577 

0 

4 

2 

•41494 

56 

2 

•84768 

0 

4 

0 

•56461 

57 

1 

•85016 

0 

3 

10 

•75735 

58 

0 

•90084 

0 

3 

8 

•99060 

59 

0 

11 

•99760 

0 

3 

7 

•26196 

60      ! 

0 

11 

•13844 

0 

3 

5 

•56922 
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LEVELLING, 

EULE Add  all  the  perpen- 
diculars together  for  the  base 
line  or  horizontal  distance,  and 
subtract  the  bases  made  by  the 
angles  of  elevation  and  depres- 
sion one  from  the  other,  for  the 
perpendicular  or  difference  of 
height.* 


EXAMPLE. 

Being  required  to  level  an  ir- 
regular piece  of  ground,  I  mea- 
sured in  a  south-west  direction  64 
yards  from  A  to  B,  on  an  angle 
of  depression  9°  45';  from  this 

*  The  altitudes  of  irregular    hills    are 
generally  ascertained  by  the  assistance  of  a 

r*  it  level  and  perpendicular  poles,  and  if 
ground  rise  and  descend  alternately, 
the  differences  between  the  heights  of  the 
poles  are  added  when  ascending,  and  sub- 
tracted when  descending,  in  order  to  deter- 
mine the  different  elevations  and  depres- 
sions of  the  ground :  the  foregoing  rule  and 
method  will  be  found  far  more  correct  and 
masterly,  remembering  always  that  the 
height  of  the  instrument  be  accounted  for, 
which  may  easily  be  done  by  taking  the 
observation  from  a  staff  or  target  the 
height  as  the  instrument. 
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station  I  measured  120  yards  from  B  to  C,  in  the 
same  cardinal  direction,  on  an  angle  of  elevation 
16°  30';  and  from  thence  to  the  extent  of  the 
ground  the  line  on  the  same  course  measured  44 
yards  from  C  to  D,  and  the  angle  of  depression  7°  : 
required  the  base  line  or  horizontal  distance  from 
the  place  where  the  levelling  was  begun,  to  the 
point  where  it  was  ended ;  also,  how  much  higher 
or  lower  the  ground  is  at  the  place  where  the  ope- 
ration terminated,  than  where  it  commenced. 

PERENDICULARS. 


ft. 

in. 

fath. 

ft. 

in. 

L 

9° 

45'  =  5 

10 

96004  x 

32  = 

189 

2-72128 

L 

16° 

30'  =  5 

9-03502  x 

60  = 

345 

2-10120 

L 

7° 

0'  =  5 

11 

46333  x 

22  = 

131 

0-19326 

3)665 

5-01574 

AE 

221 

yds.  2ft.  5  in. 

BASES. 

ft. 

in. 

fath. 

ft. 

in. 

g 

f  L 

.9°  45'=  1 

0-19316 

x32  = 

32 

6-18112 

1 

\+ 

17°    O'=0 

8-77459 

x22  = 

18 

1-04098 

§r 

50 

7-22210 

H 

d 

^16°  30'=  1 

8-44910x60= 

102 

2-94600 

I 

3) 

51 

7-72390 

ED  17  yds.  Oft.  7j  in. 

ANSWER. 

yds.      ft.     in. 

Horizontal  distance  A  E  221     2     5 
Elevation  ED      .     .     .     17     0     74 
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OB 

MAILING. 


PLANE  sailing  in  navigation  and  horizontal  dialling 
in  mining,  are  nothing  more  than  the  practice  of 
right-angled  trigonometry,  calling  the  hypothenuse 
the  distance,  the  perpendicular  the  difference  of 
latitude,  the  base  the  departure,  and  the  angle 
opposite  the  base  the  course ;  consequently  any 
range  of  dialling,  however  complicated  and  exten- 
sive, may  be  reduced  into  a  single  triangle,  the 
perpendicular  of  which  will  either  be  the  east  and 
west,  or  north  and  south  line,  according  to  the 
main  direction  or  bearing  of  the  work ;  the  hypo- 
thenuse will  be  the  actual  length  of  the  dialling  in 
a  right  line  from  the  point  of  setting  out  to  the 
termination ;  the  base  wih1  be  the  distance  the  ter- 
minating point  will  fall  right  or  left  of  the  perpen- 
dicular; and  the  angle  made  by  the  hypothenuse 
with  the  perpendicular  will  be  the  final  course  or 
direction  of  the  work. 

It  therefore  follows,  that  the  general  practice  of 
repeating  or  retracing  a  course  of  underground 
dialling  on  the  surface  may  be  avoided,  and  thereby 
the  difficulties  and  dangers  arising  from  obstruc- 
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tions,  irregular  ground,  and  the  attraction  of  the 
magnet  by  iron,  which  always  abounds  in  the  vici- 
nity of  a  mine,  be  done  away. 

What  is  said  of  Mercator's  sailing  may,  in  the 
chief  respect,  be  applied  to  horizontal  dialling,  viz. : 
'It  is  the  art  of  finding  on  a  plane  surface  the 
motion  of  a  ship  upon  any  assigned  course  by  the 
compass,  which  shall  be  true  in  latitude,  longitude, 
and  distance  sailed  ;'  and  certainly  this  includes 
the  whole  theory  and  practice  of  navigation ;  and  if 
any  method  could  be  devised  for  measuring  a  ship's 
course  and  distance  truly,  nothing  would  be  want- 
ing:— also  in  dialling,  it  is  only  required  to  find  a 
method  for  reducing  the  various  windings  and  angles 
of  a  level  or  adit  into  a  right  line,  and  discovering 
the  real  extent  and  direction  of  that  line,  to  com- 
plete the  art. 

But  not  to  occupy  the  reader's  time  in  telling  him 
what  he  well  knows  already,  we  shall  proceed  to 
introduce  the  process  for  obtaining  the  length  and 
bearing  of  a  course  of  traverse  dialling  by  the  tri- 
gonometrical tables. 

The  first  thing  to  be  attended  to  is  the  statement 
of  the  work,  or  so  placing  the  drafts  that  there  may 
be  no  confusion  in  the  operation,  and  that  the  per- 
pendiculars and  bases  may  fall  on  their  proper 
sides. 

In  order  to  succeed  in  this  essential  matter,  which 
may  be  considered  the  foundation  of  the  work,  note 
on  which  cardinal  point  the  main  direction  of  your 
dialling  runs,  whether  east,  west,  north,  or  south, 
and  reckon  off  your  degrees  right  or  left  from  that 
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line :  thus — if  your  dialling  runs  easterly  or  westerly, 
let  the  equator,  or  east  and  west  line,  be  the  point 
for  numbering  off  your  angles  —  if  northerly  or 
southerly,  the  meridian  or  north  and  south  line ; 
consequently  this  line  will  be  the  perpendicular  of 
every  triangle  in  the  operation  that  comes  within 
the  sweep  of  half  the  circle,  or  180° ;  and  should 
any  of  the  drafts  return  beyond  the  north  or  south 
points,  or  exceed  90°  right  or  left  of  the  east  point, 
then  the  angle  must  be  counted  from  the  west 
towards  the  north  or  south,  as  the  draft  may  happen 
to  incline. 

This  being  done  it  is  evident  that  on  a  course  of 
east  and  west  dialling,  the  bases  north  and  bases 
south  must  be  subtracted  one  from  the  other,  and 
the  remainder  will  be  the  departure  or  base  line 
north  or  south  as  the  diaUing  may  have  prevailed 
on  this  or  that  side,  and  if  any  of  the  drafts  have 
gone  westerly,  then  the  perpendiculars  west  must 
be  subtracted  from  the  perpendiculars  east,  for  the 
real  length  of  the  perpendiculars ;  but  if  the  dialling 
has  prevailed  most  in  a  westerly  direction,  the  per- 
pendicular will  lie  on  that  side :  in  short,  as  a 
matter  of  course,  either  for  the  difference  of  latitude, 
or  rather  difference  of  longitude  in  this  case  (the 
perpendicular),  or  for  the  departure  (the  base),  the 
less  number  must  be  taken  from  the  greater,  and  the 
differences  will  show  the  sides  on  which  the  opera- 
tion lies. 

This  process  must  all  be  performed  by  the  first 
table,  where  the  hypothenuse  is  given,  because  in 
every  case  the  actual  measured  line  will  be  the 


90  TRAVERSE   DIALLING. 

longest  side  of  the  triangle,  and  after  stating  the 
work,  as  before  directed,  take  out  the  numbers 
standing  against  the  given  angles  in  the  table  and 
multiply  them  respectively  by  the  length  of  the 
hypothenuse,  reduced  into  fathoms  and  parts  (if 
any),  and  place  them  in  their  proper  positions  until 
the  whole  has  been  calculated ;  then  take  the  sum 
of  the  bases  north  and  south  one  from  the  other, 
and  the  sum  of  the  perpendiculars  east  and  west 
one  from  the  other ;  the  perpendicular  remainders 
will  show  the  east  and  west  line,  and  the  bases  the 
distance  the  dialling  has  extended  north  or  south  of 
that  line. 

The  work  is  now  brought  to  that  case  where  the 
difference  of  latitude  and  departure  is  given  to 
find  the  course  and  distance,  and  in  order  to  avoid 
the  necessity  of  introducing  extensive  and  intricate 
tables,  used  by  navigators  for  this  purpose,  we 
shah1  have  recourse  to  one  simple  act  of  instru- 
mental operation,  and  as  two  sides  of  the  triangle 
are  given,  the  thing  may  be  quickly  and  safely 
performed ;  thus — draw  the  base  the  given  length 
by  a  scale  of  equal  parts,  raise  the  perpendicular 
on  one  end  of  the  base  (and  of  course  at  right 
angles  therewith),  and  mark  off  the  given  length, 
draw  the  hypothenuse,  and  the  triangle  wih1  be 
complete:  then,  by  the  same  scale,  measure  the 
hypothenuse,  and  it  will  be  the  actual  length 'of 
the  dialling  in  a  right  line,  from  beginning  to 
end ;  then,  with  a  protractor  or  scale  of  chords, 
measure  the  angle  opposite  the  departure  or  base, 
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and  it  will  be  the  true  course,  bearing,  or  direction 
of  the  extreme  points. 

The  degrees  on  the  miner's  compass  are  gene- 
rally graduated  from  1  to  360,  and  are  figured 
toward  the  left  hand,  consequently  90°  stands  at 
the  west  point,  180°  at  south,  270°  at  the  east,  and 
ends  with  360°  at  the  north ;  and  when  the  same 
course  is  to  be  pursued,  that  is,  when  the  angles  are 
to  be  taken  and  the  drafts  measured  again,  there 
will  be  no  necessity  for  finding  the  real  direction 
of  the  line,  for  as  the  sights  are  always  fixed,  the 
dialler  need  only  be  careful  to  observe  that  the 
needle  stands  at  the  same  degree  as  in  the  original 
course :  but  when  the  operation  is  to  be  plotted  or 
trigonometrically  proved,  there  will  be  a  necessity 
for  ascertaining  the  actual  bearing  of  every  draft  in 
the  work,  and  this  may  be  done  by  the  following 
rule. 


BULB. 

(SIGHTS  FIXED  NORTH  AND  SOUTH.) 


I 


From  1  to  90  N.  to  W.i 
From  90  to  180  W.  to  S. 
From  180  to  270  S.  to  E. 
From  270  to  360  E.  to  N. 


S.3.S 


E.  of  N.  Comp.  N.  of  E. 
S.  of  E.  Comp.  E.  of  S. 
W.ofS.Comp.S.ofW. 
N.ofW.Comp.W.ofN. 
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EXAMPLE   1. 

It  is  required  to  sink  a  perpendicular  shaft  on  the 
end  of  a  level  whose  angles  and  drafts  measured  as 
follows,  viz. : 

ft.     in.         fath.    ft.   in. 

L 16°  30'  E.  of  S.  53  6  or  8  5     6 

L  26°  O'W.  of  S.  22  11  or  3  4  11 

/L19°  0'  E.  of  S.  58  0  or  9  4     0 

Z.340  30' W.  of  S.  21  6  or  3  3     6 

L  57°  30'  W.  of  S.  53  8  or  8  5     8 

^39°  30'  E.  of  S.  29  10  or  4  5  10 

What  distance  is  the  end  C  (in  the  annexed  plate), 
where  the  dialling  was  finished,  from  the  engine 
shaft  A,  where  the  dialling  was  begun,  and  what  is 
the  bearing  of  the  line  A  C,  or  how  many  degrees 
are  contained  in  the  angle  BAG? 

OPERATION. 

BASES. 

ft.  in.             fath.  ft.  in.       ft.  in. 

E.  of  S.  16°i  =  1  8-44910  x  8  5  6  =  15  2-33790 

W.of  S.  26°    =  2  7-56272  x  3  4  11  =  10  0-53916 

E.  of  S.  19°    =  1  11-44091  x  9  4  0  =  18  10-58864 

W.  of  S.  34°±  =  3  4-78125  x  3  3  6  =  12  2-13235 

W.  of  S.  57°|  =  5  0-72418  x  8  5  8  =  45  3-18762 

E.  of  S.  39°|  =  3  9-79763  x  4  5  10  =  18  11-55815 

ft.  in. 

Sum  of  bases  W.  of  S.  67  5-85913 

Sum  of  bases  E.   of  S.  53  Q-48469 

Base  or  departure  Westerly  B  C=14  5-37444 
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PERPENDICULARS. 

in.             fath.  ft.    in.     ft.  in. 

9-03502x8    5     6  =  51  3-56228 

4-71317  x  3     4  11  =  20  7*16851 

8-07734  x  9    4    0  =  54  10-06606 

11-33709  x  3     3     6  =  17  8-62417 

2-68557  x  8    5    8  =  28  10-05018 

7-55697  x  4    5  10  =  23  0-04485 

Perpendicular  or  diff.  of  latitude,  A  B  196  3-51605 


THEN BY  CONSTRUCTION. 

Draw  two  lines  at  right  angles,  as  A  B  and  B  C, 
and  of  an  indefinite  length,  take  196  feet  3J  inches 
in  your  compasses  from  a  scale  of  equal  parts,  and 
with  one  foot  in  the  right  angle  B,  point  off  the 
distance  B  A  for  the  perpendicular.  Again  take  14 
feet  5  J  inches  from  the  same  scale,  and  apply  it  to 
the  other  line  B  C  for  the  base ;  draw  the  hypo- 
thenuse  to  join  A  G,  which  by  the  same  scale  will  be 
found  to  measure  197  feet. 

FOR  THE   ANGLE. 

With  the  chord  of  60°  in  your  compasses  and 
centre  A,  describe  an  arc  e  d  cutting  A  B  and  A  C 
in  d  and  e  ;  then  take  the  distance  e  d  in  your  com- 
passes, and  setting  one  foot  on  the  brass  pin  at 
the  beginning  of  the  chords  on  your  scale,  observe 
how  many  degrees  the  other  foot  reaches  to,  which 
will  be  4°  15'  for  the  arc  e  d  or  angle  BAG. 

ANSWER. 

197  feet,  on  an  angle  of  4°  15'  west  of  south. 
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EXAMPLE   2. 

Given  the  following  course  of  traverse  dialling, 


viz. 


162° 
143°| 

45°4 

152°] 
87°| 
204°| 

= 

L 

L 
L 
L 
L 
L 
L 
L 

18° 
36° 
73° 
12° 
45° 
82° 
27° 
2° 
65° 

0'  S.  of  E. 
15'  S.  of  E. 
30'  N.  of  E. 
45'  S.  of  E. 
0'  N.  of  E. 
15'N.ofW. 
30'  S.  of  E. 
30'N.of  E. 
30'  S.  of  W. 

ft. 
3G 
44 
30 
28 
17 
15 
72 
16 
73 

in.    fath. 
0  or     6 
4  or     7 
9  or     5 
6  or     4 
10  or     2 
3  or     2 
Oor  12 
Oor     2 
0  or  12 

ft. 
0 
2 
0 
4 
5 
3 
0 
4 
1 

in. 
0 
4 
9 
6 
10 
3 
0 
0 
0 

Eequired  the  distance  and  bearing  of  the  extreme 
points  A  C. 


OPERATION. 

BASES   SOUTHERLY. 

ft.  in.  fath.  ft.  in. 

18°    0'  ==  1  10-24922  x     6    0  0 

36°  15'  =  3    6-57429  x     7    2  4 

12°  45'  =  1     3-89021  x     4     4  6 

27°  30'  =  2     9-24590  x  12    0  0 

65°  30'  =  5    5-51721  x  12     1  0 


ft.  in. 

11  1-49522 
26  2-57669 
3-44849 
2-95080 
5-12605 


6 

33 
66 


143  3-59725 


BASES  NORTHERLY. 

ft.     in.  fath.  ft.  in. 

30'  =  5    9-03502  x  5    0     9  -. 

0'  =  4    2-91169  x  2    5  10  : 


82°  15'  =  5  11-34234  x  2 
2°  30'  =  0    3-14060  x  2 


ft. 
29 
12 
15 
0 


5-80448 
7-14507 
1-33685 
8-37150 


Subtract  bases  northerly 


57  10-65790 

ft.       in. 

=  143    3-59725 
=    57  10-65790 
Departure  B  C  85     4-93935 
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PERPENDICULARS   EASTERLY. 


18° 
36° 
73° 
12° 

45° 

27° 
2° 

0' 
15' 

30' 
45' 
0' 
30' 
30' 

- 

ft. 
5 
4 
1 
5 
4 
5 
5 

in. 
8-47607 
10-06401 
8-44910 
10-22464 
2-91169 
3-86478 
11-93147 

fath. 
x  6 
x  7 
x  5 
x  4 
x  2 
x!2 
x  2 

ft. 
0 
2 
0 
4 
5 
0 
4 

in. 
0 
4 
9 
6 
10 
0 
0 

= 

ft. 

34 

35 
8 
27 
12 
63 
15 

in. 
2-85642 
9-02851 
10-80163 
9-56704 
7-14507 
10-37736 
11-81724 

199 

1-59327 

PERPENDICULARS   WESTERLY. 

ft.   in.  fath.  ft.  in.        ft.  in. 

82°  15'  =  0     9-70926  x    2     3     3=2     0-67815 
65°  307  =  2     5-85791  x  12     1     0  =  30    3-27124 

32     3-94939 


ft.  in. 

From  perpendiculars  east  =  199  1*59327 

Subtract  perpendiculars  west        =    32  3-94939 

AB  166  9-64388 


ft.      in. 

Perp.  or  east  and  west  line.  A  B  166     9*64388 
Base  south  of  east  C  B  85     4*93935 


Then  by  construction  (as  before)  the  hypothenuse 
A  C  will  be  found  187  feet  3  inches,  and  the  angle 
pq27  degrees,  south  of  east. 
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THE 

PEACTICAL  MINER'S  GUIDE, 

PART  II. 

INTEODUCTION. 

THE  qualifications  necessary  to  constitute  an  ac- 
complished miner  are  more  numerous  and  diffi- 
cult of  attainment  than  is  generally  imagined,  even 
by  persons  deeply  interested  in  mining  affairs  ;  and 
although  it  may  not  be  expected  that  everyone 
who  fills  a  mining  situation  should  be  an  adept  in 
all  the  various  branches  of  the  art,  yet  it  is  cer- 
tainly highly  desirable  that  agents,  who  have  the 
management  of  large  adventures,  should  possess  a 
general  knowledge  of  everything  connected  with 
the  profession  of  a  miner. 

The  following  miscellaneous  subjects  are  essen- 
tial to  the  practical  miner,  and  require  no  comment 
to  set  forth  their  utility ;  they  may  also  be  found 
useful  and  interesting  to  persons  not  immediately 
engaged  in  mining  pursuits. 

The  first  article  consists  in  a  description  of  the 
art  of  assaying  silver  ;  and  as  this  has  hitherto 
been  a  secret  in  the  possession  of  but  few  persons, 

H2 
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it  is  expected  that  it  will  form  an  acceptable  part 
of  the  work,  especially  as  it  will  come  abroad  at  a 
time  when  foreign  mining  speculations  (where  the 
seat  of  action  is  principally  among  the  precious 
metals)  abound  beyond  all  precedent. 

The  next  part  of  the  work  contains  a  plain 
statement  of  the  method  of  assaying  copper,  includ- 
ing the  established  process  of  one  of  the  most  ex- 
perienced and  respectable  copper-assayers  in  the 
county  of  Cornwall. — Eules  for  assaying  lead  and 
tin  follow  in  succession,  and  this  part  of  the  trea- 
tise concludes  with  a  description  of  the  manner  of 
extracting  silver  from  copper  ore,  or  of  discovering 
the  quantity  of  silver  it  contains  ;  and  probably 
this  article  also  may  be  productive  of  beneficial 
effects  to  the  mining  interest,  as  there  is  great 
reason  to  believe  that  a  considerable  proportion  of 
silver  is  contained  in  the  ores  produced  from  many 
of  our  copper  mines.  The  method  is  very  simple, 
and  the  trial  may  be  quickly  and  satisfactorily 
made. 

The  subsequent  part  of  the  work  is  described  in 
the  table  of  contents. 
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ASSAY  OF  SILVEE  OEE, 


Sample  —  1  ounce  avoirdupois,  pulverised  and 
sifted  through  a  fine  hair  sieve,  then  well  mixed  in 
the  scoop  with  the  following  flux,  viz. : 

Eed  lead*  .         .         .         .     2  oz. 

Eed  tartar  ....     5  dwts. 

Nitre  ....     9  dwts. 

Borax         .         .         .         .'4  dwts. 

Lime  .         .         .         .     J  oz. 

Salt  ....     2  oz. 

Fluor  spar  (bruised)     .         .     J  oz. 

Smelt  the  ore  in  a  wrought-iron  crucible ;  if  this 
cannot  be  conveniently  procured,  and  a  stone  pot 
used,  add  1  ounce  of  iron.  The  sample  will  melt 
in  a  good  heat  in  about  12  minutes,  if  the  ore  is 
tolerably  free  from  sulphur  and  iron,  otherwise  it 
will  require  more  time. 

When  the  sample  has  become  quite  fluid,  take  it 
out  and  pour  it  in  a  mould  prepared  to  receive  it, 
having  been  anointed  on  the  inside  with  grease  or 

*  An  ounce  of  red  lead  generally  contains  about  l-32nd  part 
of  a  grain  of  silver,  or  nearly  3  ounces  of  silver  in  a  ton.  Derby- 
shire lead  ore  is  preferred,  by  some  assayers,  to  red  lead. 

The  proportion  of  silver  contained  in  the  flux  must  first  be 
known,  and  the  regular  deduction  made  from  the  produce,  in 
order  to  obtain  a  true  assay. 
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oil  ;  the  process  of  taking  out  and  pouring  the 
sample  must  be  done  quickly,  otherwise  a  degree  of 
chill  will  take  place,  so  that  the  metal  will  not  run 
freely  out  of  the  crucible,  and  the  assay  will  in 
consequence  be  imperfect. 

If  the  operation  has  been  properly  managed,  the 
lump  will  separate  clean  from  the  slag  or  dross  by 
a  slight  blow  ;  but  if  the  metal  and  dross  stick 
together,  the  assay  is  impure  : — it  is  probable  a 
little  more  nitre  would  remedy  this  defect. 

Should  the  lump  when  broken  display  the  metal 
disseminated  throughout  and  uncombined  among 
the  slag,  it  is  a  proof  the  sample  was  not  suffi- 
ciently flowed,  or  not  kept  time  enough  in  the  fur- 
nace. 

If  the  heat  is  too  strong,  or  the  sample  left  too 
long  time  in  the  fire,  it  will  set,  or  become  dry  and 
callous,  and  this  change  will  take  place  to  all  ap- 
pearance quite  suddenly.  Either  the  former  cir- 
cumstance of  too  low  a  heat,  or  this  of  too  high, 
renders  the  assay  irremediable. 

Should  the  sample  appear  stubborn  and  refuse  to 
melt  in  a  brisk  heat,  add  more  nitre. 


TESTING   OR  REFINING   PROCESS. 

The  test  or  cupel  should  be  composed  of  four 
fifths  bone  ashes  to  one  fifth  fern  ashes,  damped 
and  well  beat  into  an  iron  ring  2J  inches  deep,  and 
6  inches  in  circumference. 

The  test  should  be  put  in  the  fire  an  hour  or 
more  before  the  refining  process  is  begun,  other- 
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wise  the  silver  will  be  apt  to  be  agitated  by  tlie 
unsettled  test,  spring  over,  and  consequently  the 
assay  be  destroyed. 

Should  the  assay  set  in  refining  before  it  has  be- 
come pure,  throw  in  about  half  an  ounce  of  potter's 
lead.* 

If  the  fire  is  permitted  to  get  low,  or  too  much 
air  admitted  into  the  furnace,  the  assay  will  be  apt 
to  turn  to  litharge  ;  whenever  this  happens,  in- 
crease the  fire  by  putting  in  a  few  pieces  of  sea-coal 
instead  of  coke,  at  the  same  time  sprinkle  a  little 
coal-dust  on  the  test. 

When  the  assay  is  thoroughly  pure  or  fine  it  will 
assume  a  globular  shape,  set,  or  become  fixed,  and 
in  a  few  moments  will  throw  up  sprouts  or 
branches  from  the  top.  Take  out  the  test,  weigh 
the  prilhon,  find  in  the  table  the  produce  or  value 
per  ton,  and  the  work  will  be  complete. 

*  The  fire  should  be  gradually  increased  toward  the  close  of 
the  process.  A  muffle  or  arched  cover  to  the  test  would  pre- 
vent the  air  from  taking  an  unfavourable  effect  on  the  assay, 
while  the  furnace  is  opened  for  the  purpose  of  increasing  the 
fire,  by  adding  coal,  wood,  or  coke. 
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ASSAY  OF  COPPEE  GEE, 


Sample  —  400  grains  pounded  well  in  a  mortar 
and  sifted  through  a  fine  hair  sieve,  put  in  an 
earthen  crucible,  and  frequently  stirred  while  in 
the  furnace  with  an  iron  rod  or  paddle.  The  sul- 
phur will  be  seen  to  go  'off  in  white  fumes ;  the 
process  must  be  continued  until  this  evaporation 
ceases,  or  nearly  so,  which  will  generally  occupy 
from  one  to  two  hours.  Great  attention  must  be 
paid  during  this  operation  in  order  that  a  standard 
regal  may  be  obtained,  which  being  done,  there 
will  be  no  danger  of  producing  a  true  assay.  The 
ore,  during  the  process,  must  be  kept  in  a  free, 
sandy  state,  which  will  be  effected  by  stirring,  and 
constant  regulation  of  the  degree  of  heat.  If  the 
ore  becomes  moist  and  begins  to  stick  or  adhere  to 
the  crucible,  it  must  be  immediately  taken  out  of 
the  fire  and  stirred  a  short  time  till  this  effect  has 
ceased,  and  then  returned.  When  it  has  become 
tolerably  free  of  sulphur,  it  may  be  discovered  by 
the  evaporation  having  nearly  ceased.*  This  be- 
ing observed,  take  it  out  of  the  fire,  and  let  it  gra- 

*  It  is  only  some  very  stubborn  ores,  containing  a  mixture  of 
metals,  or  semi-metals,  which  require  to  be  so  effectually  roasted 
or  calcined. 
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dually  cool  in  the  crucible  ;  and  if,  when  cold,  the 
upper  part  appears  red  or  brown,  and  the  under 
part  black,  it  is  a  proof  of  its  having  been  well 
calcined. 

This  being  done,  add  standard  flux  ;  viz. 

Borax     .         .         .         .   .      .     5  dwts. 

Lime 1J  ladle.* 

Fluor  spar  (pulverised)     .         .     1  ladle. 

Mix  these  together  with  the  calcined  ore  in  the 
crucible,  and  cover  the  whole  with  salt, — let  it  melt 
well,  and  a  regal  will  be  produced. 

MARKS  AND   REMARKS. 

A  good  or  standard  regal  is  brown,  and  full  of 
cracks  or  fissures,  and  of  a  spherical  shape.  Should 
it  come  out  flat,  it  is  a  mark  of  its  not  having  been 
well  calcined,  and  may  be  thrown  back  again  with 
a  small  quantity  of  nitre. 

Should  a  regal  come  out  too  low  or  coarse 
(having,  when  broken,  a  cinder-like  or  cellular 
appearance),  throw  it  back  with  additional  nitre : 
if  too  high  or  line  (having,  when  broken,  a  metallic 
appearance),  return  it  to  the  crucible  with  a  ladle 
of  sulphur ;  in  either  case  let  it  work  well  together 
a  short  time,  and  in  all  probability  a  standard  regal 
will  be  produced. 

A  regal  may  be  considered  good,  which  will 
produce  from  8  to  12  in  20,  and  this  quality  is 

*  Common  assaying  ladle — diameter  ^  inch,  depth  ^  inch. 
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easily  known  by  inspection ;  but  if  less  than  8,  or 
above  12,  it  would  be  better  to  reject  it,  and  begin 
the  process  again  with  a  new  sample. 

Grey,  black,  and  green  ores,  require  a  propor- 
tion of  sulphur,  in  order  to  throw  them  back,  as 
they  contain  too  little  of  this  mineral  in  their  com- 
position to  produce  a  good  assay. 

Should  a  regal  be  too  fine,  put  less  nitre  with 
it  in  refining;  and  therefore  the  coarser  it  is,  the 
more  nitre  will  be  required. 


PINING  PROCESS. 

Pound  or  pulverise  the  regal,  put  it  in  an  earthen 
fining  pot,  and  re-calcine  it  until  perfectly  sweet 
(i.  e.  free  from  sulphur),  which  may  be  discovered 
both  by  the  appearance  and  fumigation.  Then  add 

Nitre       ...  .     3  dwts.  i 

Eed  tartar  .  10  ditto    I  Covered  or  sprinkled 

Borax       .  .  5  ditto    f       over  with  salt. 

Salt          .  .  2  ladles  J 

This  brings  down  the  assay  into  coarse  copper. 
Should  it  come  out  having  a  transparent  or  horn- 
like appearance,  add  4  dwts.  of  nitre  and  a  ladle  of 
salt,  letting  it  work  well  in  the  fire.  Should  the 
assay  come  out  black,  plate  it,  and  if  the  black  flies 
off  in  flakes  or  scales,  it  is  a  proof  of  its  not  having 
been  sufficiently  calcined  ;  if  not,  its  colour  may  be 
attributed  to  lead,  or  a  mixture  of  metals  ;  the 
former  defect  renders  the  assay  hopeless. 
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Should  it  come  out  clean,  put  the  assay  in  the 
pot  without  flux,  and  when  fluid,  take  out  the  pot 
and  shake  it  gently  until  the  surface  assumes  an 
azure  or  blue  appearance  ;  then  put 

Eefining  flux*  .         .         .5  dwts. 

(viz.  2  parts  nitre,  to  1  part  white  tartar) 
Salt  .         .         .     1  ladle. 

Preparatory  to  pouring  into  the  crucible,  place  the 
refining  flux  in  the  mouth  or  fore  part  of  the  scoop 
and  the  salt  behind  ;  throw  it  in  with  the  assay 
and  let  it  melt  until  the  flux  settles  well  down,  then 
pour  the  copper  into  one  mould,  and  the  slag  or 
scoria  into  another;  return  the  slag  into  the  same 
pot  with  2  ladles  of  red  tartar,  and  let  it  melt  well 
down  ;  take  out  the  prillion  and  weigh  it  with 
the  lump  for  the  produce,  and  the  work  will  be 
completed. 

*  The  refining  flux  should  go  through  a  calcining  process 
before  it  is  used ;  it  may  be  done  by  putting  2  parts  nitre  to 
one  part  white  tartar  in  an  iron  mortar,  to  which  apply  a  red-hot 
iron,  and  stir  it  therewith  until  the  deflagration  has  ceased  ;  when 
cold,  powder  and  sift  it. 

This  operation  will  prevent  any  commotion  during  the  re- 
fining, which  otherwise  may  be  so  violent  as  to  cause  some  of 
the  metal  to  spring  out  of  the  crucible,  and  thereby  the  assay 
be  spoiled. 
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Sample  —  1  oz.  avoirdupois. 
FLUX. 
1  common  ladle  red  tartar. 

1  ditto  spar. 

2  ditto  salt. 

7\  ditto  borax. 

|  ditto  nitre. 

J  ditto  lime. 

Mix  the  flux  with  the  sample  and  put  it  in  an  iron 
crucible,  stir  it  with  an  iron  rod  during  the  latter 
part  of  the  process ;  in  about  five  minutes,  in  a 
brisk  heat,  the  sample  will  be  down,  provided  the 
crucible  was  red-hot  when  the  assay  was  thrown  in, 
which  should  always  be  the  case. 

If  the  sample,  to  be  tried,  weighs  four  ounces, 
the  proportionate  quantity  of  flux  must  be  added, 
agreeably  to  the  above  statement. 

It  may  be  discovered  when  the  sample  is  ready, 
by  the  grating  of  the  rod  against  the  bottom  of  the 
crucible  in  stirring — it  should  then  be  immediately 
taken  out  and  poured.  The  metal  will  separate 
clean  from  the  slag  in  a  good  assay. 

To  assay  lead  ore  for  discovering  the  quantity  or 
proportion  of  silver  it  contains,  the  foregoing  me- 
thod must  first  be  used,  and  the  assay  then  tested 
precisely  the  same  way  as  described  for  refining  a 
silver  sample,  page  101.  The  lead  will  go  off  in 
vapour,  and  the  silver  remain  in  the  test. 
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ASSAY  OF  TIN  OEE, 


Sample  —  Two  ounces  black  tin. 

FLUX. 

Culm      .         .         .     J  weight  of  sample. 
Borax     .         .         .4  dwts. 

PKOCESS. 

If  the  ore  contains  a  large  proportion  of  iron, 
add  more  culm  ;  *  when  the  sample  is  properly 
down,  or  flowed,  the  surface  of  the  assay  in  the 
crucible  will  be  perfectly  smooth  and  motionless ; 
in  a  strong  heat  this  will  occur  in  about  twelve 
minutes. 

When  taken  out  of  the  fire,  stir  it  well  with  an 
iron  rod  before  you  pour  it ;  afterwards  scrape  the 
crucible,  pulverise  the  scrapings  in  a  mortar,  and 
then  van  or  wash  them  on  a  shovel.  The  prillion 
of  a  standard  sample  will  not  exceed  2  in  20. 

The  criterion  for  the  lump  is  its  possessing  a 
malleable  quality,  or  bending  to  the  hammer  with- 
out breaking. 

Grain  tin  may  be  treated  in  every  respect  as  the 
above,  except  in  the  subsequent  addition  of  culm, 
which  will  not  be  required. 

*  If  the  sample  is  very  stubborn,  add  a  small  quantity  of 
pulverised  flour  with  the  culm. 


110  ASSAYING. 


METHOD   OF   DISCOVERING    THE   PROPORTION   OF   SILVER 
CONTAINED   IN   COPPER   ORE. 


Sample  —  One  ounce. 


1  ladle 
1  ditto 
^  ditto 
^  ditto 
1  ditto 
1  ditto 

FLUX. 

red  tartar, 
nitre, 
lime, 
borax. 
flour, 
red  lead. 

Well  mixed  with  the  ore  and  melted  in  a  wrought- 
iron  crucible,*  about  eight  minutes,  in  a  brisk 
heat,  will  be  sufficient  ;  the  last  five  minutes  the 
assay  should  be  incessantly  stirred  with  an  iron 
rod  ;  pour  the  sample  and  cool  it,  then  break  out 
the  lump,  and  test  it  in  the  usual  way. 


REMARKS. 

Soon  as  the  assay  begins  to  flow,  the  lead,  by  the 
power  of  affinity,  will  presently  attract  the  silver, 
or  the  silver,  by  the  same  law,  will  attach  itself  to 
the  lead,  and  this  being  effected,  it  only  requires 
the  process  of  refining,  or  burning  off  the  inferior 
metals,  to  find  the  produce. 

*  If  a  stone  crucible  be  used,  one  ounce  of  iron  must  be 
added  to  the  flux. 
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A  TABLE 

SHOWING  THE  NUMBER  OF  OUNCES  AND  PARTS  OF 
AN  OUNCE  OF  SILVER  CONTAINED  IN  A  TON  OF 
ORE,  BY  ASSAY  PRODUCED  FROM  ONE  OUNCE  AVOIR- 
DUPOIS. 


ASSAY 

PER  TON 

ASSAY 

PEE  TON 

ASSAY 

PER  TON 

T 

oz. 
2 

dwts. 
6 

grs. 
16 

grs. 
4 

oz. 
298 

dwts. 
13 

grs. 
8 

8i 

oz. 
606 

dwts. 
13 

grs. 
8 

3 

4 

13 

8 

308 

0 

0 

1 

616 

0 

0 

9 

6 

16 

317 

6 

16 

3. 

625 

6 

16 

18 

13 

8 

326 

13 

8 

i 

634 

13 

8 

28 

0 

0 

336 

0 

0 

i 

644 

0 

0 

37 

6 

16 

345 

6 

16 

1 

653 

6 

16 

46 

13 

8 

354 

13 

8 

1 

662 

13 

8 

56 

0 

0 

364 

0 

0 

9 

672 

0 

0 

65 

6 

16 

5 

373 

6 

16 

1 

681 

6 

16 

i! 

74 

13 

8 

382 

13 

8 

1 

690 

13 

8 

84 

0 

0 

392 

0 

0 

a 

700 

0 

0 

93 

6 

16 

401 

6 

16 

£ 

709 

6 

16 

102 

13 

8 

410 

13 

8 

i 

718 

13 

8 

112 

0 

0 

420 

0 

0 

| 

728 

0 

0 

121 

6 

16 

429 

6 

16 

1 

737 

6 

16 

130 

13 

8 

438 

13 

8 

10 

746 

13 

8 

i 

140 

0 

0 

6 

448 

0 

0 

756 

0 

0 

2 

149 

6 

16 

i 

457 

6 

16 

765 

6 

16 

158 

13 

8 

I 

466 

13 

8 

774 

13 

8 

168 

0 

0 

1 

476 

0 

0 

784 

0 

0 

177 

6 

16 

| 

485 

6 

16 

793 

6 

16 

186 

13 

8 

1 

494 

13 

8 

802 

13 

8 

196 

0 

0 

| 

504 

0 

0 

812 

0 

0 

205 

6 

16 

| 

513 

6 

16 

11 

821 

6 

16 

214 

13 

8 

7 

522 

13 

8 

830 

13 

8 

3 

224 

0 

0 

532 

0 

0 

840 

0 

0 

233 

6 

16 

541 

6 

16 

849 

6 

16 

242 

13 

8 

550 

13 

8 

858 

13 

8 

252 

0 

0 

560 

0 

0 

868 

0 

0 

261 

6 

16 

569 

6 

16 

877 

6 

16 

270 

13 

8 

578 

13 

8 

886 

13 

8 

280 

0 

0 

588 

0 

0 

12 

896 

0 

0 

289 

6 

16 

8^ 

597 

6 

16 

i 

905 

6 

16 
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ASSAY 

PER  TON 

ASSAY 

PER  TON 

ASSAY    PER  TON 

if 

oz. 
914 
924 
933 

wts. 
13 
0 
6 

grs. 
8 
0 
16 

grs. 

OZ. 

1390 
1400 
1409 

Jwts. 
13 
0 
6 

grs. 
8 
0 
16 

$ 

oz. 
1866 
876 
885 

wts. 
13 
0 
6 

grs. 
8 
0 
16 

942 
952 
961 

13 
0 
6 

8 
0 
16 

198 

1418 
1428 
1437 

13 
0 
6 

8 
0 
16 

\ 

1894 
904 
1913 

13 

0 
6 

8 
0 
16 

970 

13 

8 

1446 

13 

8 

-  i 

1922 

13 

8 

980 

o 

0 

1456 

0 

0 

! 

1932 

0 

0 

989 

6 

16 

1465 

6 

16 

26 

1941 

6 

16 

998 

13 

8 

1474 

13 

8 

1950 

13 

8 

1008 

0 

0 

'•  • 

1484 

0 

0 

1960 

0 

0 

1017 

6 

16 

20 

1493 

6 

16 

1969 

6 

16 

1026 
1036 

13 
0 

8 
0 

1502 
1512! 

13 
0 

8 
0 

1978 
1988 

13 
0 

8 
0 

14 

1045 

6 

16 

1521 

6 

16 

1997 

6 

16 

1054 

13 

8 

1530 

13 

8 

2006 

13 

8 

064 

0 

0 

1540 

0 

0 

27 

2016 

0 

0 

073 

6 

16 

1549 

6 

16 

5 

2025 

6 

16 

1082 

13 

8 

1558 

13 

8 

2034 

13 

8 

1092 

0 

0 

21 

1568 

0 

0 

2044 

0 

0 

1101 

6 

16 

1577 

6 

16 

2053 

6 

16 

1110 

13 

8 

1586 

13 

8 

2062 

13 

8 

15 

1120 

0 

0 

1596 

0 

0 

2072 

0 

0 

1129 

6 

16 

1605 

6 

16 

2081 

6 

16 

1138 

13 

8 

1614 

13 

8 

28 

2090 

13 

8 

1148 

0 

0 

1624 

0 

0 

2100 

0 

0 

1157 

6 

16 

1633 

6 

16 

2109 

6 

16 

1166 

13 

8 

22 

1642 

13 

8 

2118 

13 

8 

1176 

0 

0 

1652 

0 

0 

2128 

0 

0 

1185 

6 

16 

, 

1661 

6 

16 

2137 

6 

16 

16 

1194 

13 

8 

1670 

13 

8 

2146 

13 

8 

1204 

0 

0 

1680 

0 

0 

2156 

0 

0 

1213 

6 

16 

1689 

6 

16 

29 

2165 

6 

16 

1222 

13 

8 

1698 

13 

8 

2174 

13 

8 

1232 

0 

0 

1708 

0 

0 

2184 

0 

0 

1241 

6 

16 

23 

1717 

6 

16 

2193 

6 

16 

1250 

13 

8 

1726 

13 

8 

2202 

13 

8 

1260 

0 

0 

1736 

0 

0 

2212 

0 

0 

17 

1269 

6 

16 

1745 

6 

16 

2221 

6 

16 

1278 

13 

8 

1754 

13 

8 

2230 

13 

8 

1288 

0 

0 

1764 

0 

0 

30 

2240 

0 

0 

1297 

6 

16 

1773 

6 

16 

2249 

6 

16 

1306 

13 

8 

1782 

13 

8 

2258 

13 

8 

1316 

0 

0 

248 

1792 

0 

0 

2268 

0 

0 

1325 

6 

16 

1801 

6 

16 

2277 

6 

16 

1334 

13 

8 

1810 

13 

8 

2286 

13 

8 

18 

1344 

0 

0 

1820 

0 

0 

2296 

0 

0 

1353 

6 

16 

1829 

6 

16 

2305 

6 

16 

1362 

13 

8 

1838 

13 

8 

31" 

2314 

13 

8 

1372 

0 

0 

1848 

0 

0 

ft 

2324 

0 

0 

1381 

6 

16 

1857 

6 

16  i!   \ 

2333 

6 

16 
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ASSAY  1    PER  TON   i  ASSAY 

1!            II 

PER  TON 

ASSAY     PER  TON 

II 

gr 
31 

, 

oz.  dwts. 

J2342  13 
1  2352   0 

t 

0 

grs.    oz. 
371   1  2818 
|   2828 

dwts. 
13 
0 

T 

0 

gi 
44- 

3. 

oz. 
3294 
3304 

dwts 
13 
0 

T 
0 

2361 

6 

16 

38   |  2837 

6 

16 

3313 

6 

16 

2370  13 
2380   0 

3 

• 

\   2846 
!  2856 

13 

0 

8 
0 

3322 
3332 

13 
0 

8 
0 

32 

2389   6 

16 

;  2865 

6 

16 

3341 

6 

16 

2398  13 

8 

2874 

13 

8 

3350 

13 

8 

i  2408   0 

0 

2884 

0 

0 

45*" 

3360 

0 

0 

1  2417   6 

16  ! 

2893 

6 

16 

3369 

6 

16 

;  2426  |  13 

8    - 

2902 

13 

8 

3378 

13 

8 

2436 

0 

0   39 

2912 

0 

0 

3388 

0 

0 

2445 

6 

16    , 

2921 

6 

16 

i  3397 

6 

16 

2454 

13 

8 

2930 

13 

8 

3406 

13 

8 

33 

2464 

0 

0 

2940 

0 

0 

3416 

0 

0 

2473 

6 

16 

2949 

6 

16 

3425 

6 

16 

2482 

13 

8 

2958 

13 

8 

46* 

3434- 

13 

8 

2492 

0 

0 

. 

2968 

0 

0 

i 

3444 

0 

0 

2501 

6 

16 

', 

2977 

6 

16 

I 

3453 

6 

16 

2510 

13 

8 

40L 

2986 

13 

8 

3462 

13 

8 

2520 

0 

0 

2996 

0 

0 

| 

3472 

0 

0 

if 

2529 

6 

16 

3005 

6 

16 

4 

3481 

6 

16 

2538 

13 

8 

3014 

13 

8 

1 

3490 

13 

8 

i 

2548 

0 

0 

3024 

0 

0 

| 

3500 

0 

0 

2557 

6 

16 

3033 

6 

16 

47 

3509 

6 

16 

2566 

13 

8 

3042 

13 

8 

3518 

13 

8 

2576 

0 

0 

3052 

0 

0 

3528 

0 

0 

2585   6 

16 

41*" 

3061 

6 

16 

3537 

6 

16 

2594  13 

8 

I 

3070 

13 

8 

3546 

13 

8 

|  2604   0 

0 

3080 

0 

0 

3556  !  0 

0 

35 

|2613   6 

16 

3089 

6 

16 

3565   6 

16 

2622  13 

.  8 

3098 

13 

8 

i 

I2S74  13 

8 

2632 

0 

0 

3108 

0 

0 

48    !  3584 

0 

0 

2641 

6 

16 

3117 

6 

16 

. 

3593 

6 

16 

2650 

13 

8 

3126 

13 

8 

3002  13 

8 

2660 

0 

0 

42^ 

3136 

0 

0 

8812   0 

0 

2669 

6 

16 

3145 

6 

16 

3621   6 

16 

2678 

13 

8 

3154 

13 

8 

. 

3630 

13 

8 

36* 

2688 

0 

0 

3164 

0 

0 

j 

3640 

0 

0 

£ 

2697 

6 

16 

3173 

6 

16 

; 

3649 

6 

16 

2706 

13 

8 

3182 

13 

8 

49 

3658 

13 

8 

2716 

0 

0 

3192 

0 

0 

3668 

0 

0 

2725 

6 

16 

3201 

6 

16 

3677 

6 

16 

2734 

13 

8 

43 

3210 

13 

8 

3686 

13 

8 

2744 

0 

0 

3220 

0 

0 

3696 

0 

0 

2753 

6 

16 

3229 

6 

16 

3705 

6 

16 

37& 

2762 

13 

8 

3238 

13 

8 

3714 

13 

8 

i 

2772 

0 

0 

3248 

0 

0 

! 

3724 

0 

0 

1 

2781 

6 

16 

3257 

6 

16 

50 

3733 

6 

16 

| 

2790 

13 

8 

3266 

13 

8 

3742 

13 

8 

i 

2800 

0 

0 

3276 

0 

0 

I 

3752 

0 

0 

1 

2809 

6 

16 

44 

3285 

6 

16 

1 

3761 

6 

16 
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ASSAY 

PER  TON 

ASSAY 

PER  TON 

ASSAY 

PER  TON 

grs. 

OZ. 

3770 
3780 

dwts. 
13 
0 
g 

0 
16 

OZ. 

4013 
4022 
4032 

wts. 
6 
13 
0 

grs. 
16 
8 
0 

grs. 
57 

OZ. 

4256 
4265 
4274 

wts. 
0 
6 
13 

grs. 
0 
16 
8 

1 

I  0 

•  g 

4041 

6 

16 

4284 

0 

0 

3808 
3817 
3826 

0 
6 
13 

0 
16 

8 

o 

4050 
4060 
4069 
4078 

13 
0 
6 
13 

8 
0 
16 

8 

4293 
4302 
4312 
4321 

6 
13 
0 
6 

16 
8 
0 
16 

3845 
3854 
3864 
3873 

6 
13 
0 
g 

16 

8 
0 
16 

55 

, 

. 

4088 
4097 
4106 
4116 

0 
6 
13 

0 

0 
16 
8 
0 

58 

1 

4330 
4340 
4?49 
4358 

13 
0 
6 
13 

8 
0 
16 
8 

52 

••  i 

' 

3882 
3892 
3901 
3910 
3920 
3929 
3938 
3948 
3957 
3966 
3976 
3985 
3994 

13 
0 
6 
13 
0 
6 
13 
0 
6 
13 
0 
6 
13 

8 
0 
16 
8 
0 
16 
8 
0 
16 
8 
0 
16 
8 

56 

4125 
4134 
4144 
4153 
4162 
4172 
4181 
4190 
4200 
4209 
4218 
4228 
4237 

6 
13 
0 
6 
13 
0 
6 
13 
0 
6 
13 
0 
6 

16 
8 
0 
16 
8 
0 
16 
8 
0 
16 
8 
0 
16 

59 
60 

• 

,  .. 

4368 
4377 
4386 
4397 
4406 
4415 
4424 
4433 
4442 
4452 
4461 
4470 
4480 

0 
6 
13 
0 
6 
13 
0 
6 
13 
0 
6 
13 
0 

0 
16 
8 
0 
16 
8 
0 
16 
8 
0 
16 
8 
0 

4004 

0 

0 

4246 

13 

8 
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METHOD  OP   COMPUTING  THE  VALUE  OF 
LEAD  AND  SILVER  ORE. 

EXAMPLE. 

Required  the  value  of  16  tons  10  cwt.  2  qrs.  of 
lead  and  silver  ore,  the  produce  for  lead  being  8f 
in  20,  and  silver  3|  grs.  from  a  four-ounce  sample. 
The  price  of  lead  22/.  per  ton,  and  silver  5s.  3d. 
per  oz.  Returning  charges  6/.  10s.  per  ton,  and 
lord's  dues  one  twelfth  for  lead,  and  one  eighth  for 
silver. 

OPERATION. 


i 


tons  cwt.    qrs. 

16  10     2 


132  4  0 
851 
211 


*2Q)  142  10     2         £ 

7     2     2  at  15  10f  per  ton 
Deduct  dues  one  twelfth 


£        s.     d. 

110     2     6 

936 

100  19     0 


OPERATION. 


SILVER. 

oz.  dwt.  grs. 
By  table  (page  111)  produce  3£  is  72  6  16  per  ton  (3|-r- 

tons  cwt.  qrs.  oz.  dwt.  grs.     oz.         s.  d.         £     s.      d. 
and?     2    2x72     6  16=514  at  5  3     134  18     6 

Deduct  dues  one  eighth     1617     4     118 

Answer 


1     2 


219     0     2 


*  It  is  not  usual  to  make  any  allowance  for  waste  on 
ores. 

f  Returning  charge  deducted. 

i  2 


rich 
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METHOD  OF  COMPUTING  THE   VALUE  OF 
COPPER  ORE. 

EXAMPLE. 

What  is  the  value  of  74  tons  13  cwt.  2  qrs.  of 
copper  ore,  the  produce,  by  assay,  being  7£,  and 
standard  127/.  12*.  6<i? 


OPERATION. 

i 

£       s. 
127  12 

d. 
6 

7 

893     7 
15  19 

6 
0| 

9-09     6 
20 

6J 

1-86 
12 

10-38 

£     s.    d. 

From      9     1  10 
Deduct    2  10     0  per  ton  returning  charge. 

6  11  10 


ton 
Again  If  1    : 


£,    s.       d. 
6  11  10 


tons  cwt.  qrs. 

74  13     2 


POWEK   OF   STEAM   ENGINES. 
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cwt. 

104 


BY  PRACTICE. 
£  s. 
6  11 


d. 

10 

9 


59  6  6 

8 


474  12  0 
13  3  8 


487  15  8 
3  5  11 
0  18  10 


Answer  492     0     5 


Copper  ores  are  always  computed  at  21  cwt.  to  the  ton,  the 
surplus  being  allowed  for  waste  in  carriage,  &c. 


RULE  FOR  DISCOVERING  THE  POWER  OF 
STEAM  ENGINES. 

1. — Square  the  diameter  of  the  cylinder,  multi- 
ply the  sum  by  '7854*  and  the  product  by  10  :f 
lastly,  multiply  again  by  144,J  and  the  last  product 

*  The  established  ratio  of  the  diameter.  Or  look  in  the 
table,  page  123,  where  the  square  inches  contained  in  a  cylinder 
are  given,  and  take  out  the  number  standing  opposite  the  given 
diameter. 

f  That  is,  considering  the  power  equal  to  15  Ibs.  to  an  inch, 
and  allowing  5  Ibs.  or  one-third  for  friction. 

J  Considering  the  stroke  to  be  8  feet,  and  the  engine  to  go  9 
strokes  per  minute. 
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will  show  the  number  of  pounds  the  engine  lifts  a 
foot  high  in  a  minute. 

2. — A  horse  is  estimated  to  raise  500  Ibs.  64  feet 
.high,  or  1000  Ibs.  32  feet  high,  or  32,000  Ibs.  1  foot 
high  in  a  minute,  consequently,  if  the  last  product 
be  divided  by  32,000,  the  quotient  will  show  the 
number  of  horses  required  to  equal  the  power  of 
the  engine. 

EXAMPLE. 

What  is  the  power,  and  horse-power  of  a  steam 
engine,  the  cylinder  being  46  inches  in  diameter  ? 
46x46=2116 

•7854 

1661-9064 
10 


16619-0640 
144 

32000)2393145-2160(75 
224000 

153145 
160000 


ANSWER. 


Engine  lifts  2393145  Ibs.  one  foot  high  in  a  minute. 
Equal  to  75  horses,  nearly. 
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RULE  FOR  DISCOVERING   THE  POWER  OF 
A  WATER  ENGINE. 

1. — Multiply  the  length,  breadth,  and  depth  of 
the  bucket  together,  and  divide  by  282  (the  num- 
ber of  cubic  inches  in  a  gallon,  beer  measure),  mul- 
tiply the  quotient  by  101  Ibs.  or  10  Ibs.  3-2  oz.  or 
10-2  Ibs.  the  weight  of  a  gallon  of  water.* 

2. — Multiply  the  diameter  of  the  wheel  by  3-1416 
(the  ratio  of  the  circle),  and  divide  the  product  by 
the  circular  space  occupied  by  each  bucket — the 
quotient  will  show  the  number  of  buckets  contained 
in  the  wheel. 

3. — Multiply  the  third  partf  of  the  number  of 
buckets  by  the  weight  of  water  contained  in  one, 
then 

4. — For  the  leverage— From  the  radius,  or  half 
the  diameter,  deduct  the  length  of  the  crank,  and 
one  third  of  the  remainder  will  be  the  operative 
length  of  the  lever ;  multiply  the  weight  of  water 
in  one  third  of  the  wheel  by  this  length  (taking 
the  feet  for  the  whole  number  of  the  multiplier), 
and  the  product  will  show  the  full,  or  entire  power. 
Lastly,  from  this  product  cast  off  ^  for  friction,J 

*  The  result  will  be  the  same  if  the  operation  is  done  by  the 
wine  gallon,  computing  it  to  contain  231  cubic  inches,  and  to 
weigh  8  Ibs.  5'68  oz.  or  8'355  Ibs. 

f  There  are  differences  of  opinion  respecting  this ;  some  per- 
sons contending  that  two-fifths  the  number  of  buckets  are  full  at 
a  time,  but  one-third  is  the  most  general  and  the  most  reason- 
able proportion. 

J  Here  again  engineers  are   not  unanimously  agreed,  some 
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and  the  remainder  will  show  the  net  or  real  power 
of  the  wheel. 

EXAMPLE. 

Eequired  the  power  of  a  water-wheel,  the  dia- 
meter being  46  feet,  the  buckets  30  inches  long, 
12  inches  deep,  and  6  inches  wide,  with  1£  inches 
between  each  bucket,  and  the  crank  3  feet  long. 

OPERATION. 

1. — To  find  the  quantity  and  weight  of  water  in 
each  bucket. 
30  x  12  x  6  =  2160+282=7-66  x  10-2  =  78-13. 

2. — To  find  the  number  of  buckets  contained  in 
the  wheel. 

46  x  12=552  x  31416  =  1734  (6  +  !£)-*-  7-25  =  239. 

3. — To  find  the  weight  of  water  on  J  of  the 
wheel. 

239-f-3  =  80x  78-13=6250. 

4. — To  find  the  power  of  the  lever. 
46-7-2=23-3=20+3=6-66 

and 
6250x6-66  =  41625. 


allowing  one-fifth,  some  one-fourth,  and  some  even  one-third  of 
the  power,  for  friction.  It  is  true  the  distance  the  wheel  is 
placed  from  the  work,  and  other  contingent  circumstances,  must 
be  taken  into  consideration  ;  but  in  ordinary  operations,  where 
the  wheel  draws  close,  one-fifth  is  very  near  the  truth. 
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Lastly,  for  friction. 
5)41625 

8325 

Answer,  33300  Ibs.  the  actual  power  of  the  wheel. 

To  find  the  depth  at  which  a  wheel  will  draw  a 
column  of  water  in  a  lift  of  pumps  of  any  given 
dimensions. 

EULE. — Find  the  power  of  a  wheel  by  the  fore- 
going method,  then  from  the  table,  page  125, 
take  out  the  weight  of  water  in  a  fathom  of  the 
given  size  pump.  Divide  the  power  of  the  wheel 
(in  pounds)  by  this  number,  and  the  quotient  will 
show  the  fathoms. 

EXAMPLE. 

The  power  of  the  fore-mentioned  wheel  is  33300 
Ibs.,  how  deep  will  she  draw  in  a  12-inch  lift  of 


pumps  ? 


294-53)33300(113 

Answer  113  fathoms. 


TO    FIND    THE    HORSE-POWER   OF    A   WHEEL. 

EULE. — Multiply  the  power  (found  by  the  given 
rule,  page  119)  by  the  number  of  revolutions 
made  by  the  wheel  in  a  minute,  and  this  product 
by  the  length  of  the  stroke  in  feet,  or  double  the 
length  of  the  crank :  divide  the  last  product  by 
32000,  and  the  quotient  will  show  the  number  of 
horses  required  to  equal  the  power  of  the  wheel. 
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EXAMPLE. 

The  fore-mentioned  wheel  is  allowed  to  make 
seven  revolutions  in  a  minute ;  required  the  horse- 
power. 

33300 

7 

233100 
6 


32-000)1398-600(44 
128 

118 
128 

Answer,  44  horse-power,  nearly. 
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TABLE 

SHOWING  THE  SQUAKE  INCHES  CONTAINED  IN  A  CY- 
LINDEE,  OR  CIRCLE,  FROM  TEN  TO  SEVENTY-THREE 
INCHES  IN  DIAMETER. 


Diameter  of 
Cylinder 

Square 
Inches 

Diameter  of 
Cylinder 

Square 
Inches 

Diameter  of 
Cylinder 

Square 
Inches 

Diameter  of 
Cylinder 

Square 
Inches 

10 

78-54 

26 

530-93 

42 

1388-59 

58 

2642-00 

11 

95-03 

27 

572-56 

43 

1452-20 

59 

2734-00 

12 

113-10 

28 

615-75 

44 

1520-53 

60 

2827-44 

13 

132-73 

29 

660-20 

45 

1590-43 

61 

2922-47 

14 

153-94 

30 

706-86 

46 

1661-91 

62 

3019-00 

15 

176-71 

31 

754-77 

47 

1735-00 

63 

3117-25 

16 

201-06 

32 

804-25 

48 

1809-56 

64 

3217-00 

17 

226-98 

33 

855-30 

49 

1885-74 

65 

3318-31 

18 

254-47 

34 

907-92 

50 

1963-50 

66 

3421-20 

19 

283-54 

35 

962-00 

51 

2042-82 

67 

3526-66 

20 

314-16 

36 

1017-88 

52 

2123-72 

68 

3651-69 

21 

346-36 

37 

1075-20 

53 

2206-19 

69 

3739-29 

22 

380-13 

38 

1134-00 

54 

2290-23 

70 

3848-46 

23 

415-47 

39 

1194-60 

55 

2375-83 

71 

3959-20 

24 

452-39 

40 

1256-64 

56 

2463-00 

72 

4071-51 

25 

490-88 

41 

1320-26 

57 

2651-76 

73 

4185-40 

The  annexed  table  of  the  quantity  and  "weight  of 
water  contained  in  6  feet  of  pump  (page  125)  may 
be  proved  or  extended  by  the  following  rules ;  viz. 

Square  the  diameter  of  the  pump,  and  multiply 
the  product,  first  by  the  decimal  *7854,  again  by 
the  length  of  the  pump  in  inches,  and  divide  by 
231 ;  the  whole  numbers  in  the  quotient  will  show 
the  wine  gallons.  Then,  to  find  the  cubic  feet, 
divide  the  solid  inches  by  1728.  Again,  to  find  the 
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weight,  multiply  the  cubic  feet  by  1000,  and  divide 
the  product  by  16. 


EXAMPLE. 


How  many  pounds,  wine  gallons,  and  cubic  feet, 
are  contained  in  a  cylinder,  or  pump,  12  inches  in 
diameter,  and  6  feet  in  length  ? 


TO    FIND   THE   WINE   MEASURE. 


12  x  12=144  Square  of  diameter. 
•7854  Multiplier. 

113-0976 
6 


678-5856 
Cubic  inches  in  12 


awinegaUon=231)8143-0272(35-2512 

4 

Answer,  35  gals.  1  qt.  1-0048 


TO   FIND   THE    CUBIC   FEET. 

Inches 

in  a  cubic  foot— 1728)8143-0272  Inches  as  before. 
4-7124  Cubic  feet. 

TO   FIND   THE   POUNDS. 

4-7124         Cubic  feet  as  before. 
1000  oz.  weight  of  a  cubic  foot  of  water, 


16)4712-4000 

294-525     Ibs.  weight. 
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A  TABLE 

SHOWING  THE  WEIGHT,  WINE  GALLONS,  AND  CUBIC 
FEET  OP  WATER  CONTAINED  IN  SIX  FEET  OF  PUMP, 
FEOM  FOUE  TO  TWENTY  INCHES  IN  DIAMETER. 


Diameter  of 
Pump 

Weight 

Wine 
Measure 

Cubic 
Feet 

Diameter  of 
Pump 

Weight 

Wine 
Measure 

Cubic 
Feet 

ins. 

Ibs.dec. 

gal. 

qts. 

pts. 

ft.  dec. 

ins. 

lbs.dec. 

gal. 

qts. 

pts. 

ft.dec. 

4 

32,75 

3 

3 

1 

•522 

12i 

306-95 

36 

2 

1 

4-910 

-H 

36-95 

4 

1 

1 

•591 

12* 

319-60 

38 

1 

0 

5-113 

3 

41-42 
46-15 

4 
5 

3 

2 

o" 

•662 
•738 

134 

332-51 
345-68 

39 

41 

2 

1 

1 
1 

5-319 
5-530 

5 

51-14 

6 

0 

1 

•818 

184 

359-10 

42 

3 

1 

5-745 

64 

56-38 

6 

3 

0 

•902 

13* 

372-78 

44 

2 

1 

5-960 

5^ 

61-87 

7 

1 

IT; 

•989 

13§ 

386-72 

46 

0 

1 

6-187 

5a 

67-63 

8 

0 

()I 

1-082 

14 

400-90 

48 

0 

0 

6-414 

6 

73-63 

8 

3 

()' 

1-178 

14£ 

415-35 

49 

2 

1 

6-645 

6i 

79-90 

9 

2 

0 

1-278 

14£ 

430-00 

51 

1 

1 

6-880 

3 

86-42 
93-20 

10 
11 

1 

0 

0 
0 

1-382 
1-491 

14J  il  445-00 
15   460-23 

53 
55 

0 
0 

1 
1 

7-119 
7-363 

7   100-22 

12 

0 

0 

1-603 

15£  !  475-69 

56 

3 

1 

7-610 

7i  107-51 

12 

3 

0 

1-720 

15*  491-42 

58 

3 

0 

7-862 

7*  |!115-00 

13 

3 

0 

1-840 

15|  50740 

60 

2 

1 

8-117 

7J  122-85 

14 

2 

1 

1-965 

16   523-63 

62 

2 

1 

8-379 

8  1  130-90 

15 

2 

1 

2-094 

16J-  i  540-13 

64 

2 

1 

8-641 

84-  139-22 

16 

2 

1 

2-227 

16|  556-87 

66 

2 

1 

8-909 

8*  1147-78 
8§  156-60 

17 

18 

2 
2 

1 
1 

2-354 
2-505 

16f  i  573-88 
17  !  591-13 

68 
70 

2 
3 

1 

0 

9-181 
9-457 

9   165-68 

19 

3 

0 

2-650 

17|  II  608'65 

72 

3 

0 

9-739 

9i  175-00 

20 

3 

1 

2-800 

17* 

626-42 

75 

0 

0 

10-022 

9*  184-60 

22 

0 

0 

2-953 

17§ 

644-67 

77 

0 

1 

10-310 

9|  194-45 

23 

1 

0 

3-110 

18 

662-73 

79 

1 

0 

10-602 

10   204-54 

24 

1 

1 

3-272 

18? 

681-26 

81 

2 

0 

10-899 

10£  214-90 

25 

2 

1 

3-438 

18* 

700-00 

83 

3 

0 

11-142 

10*  225-51 

27 

0 

0 

3-607 

18f 

719-10 

86 

0 

1 

11-504 

lOf  236-37 

28 

1 

0 

3-781 

19 

738-40 

88 

1 

1 

11-813 

11   247-50 

29 

2 

1 

3-959 

19y 

757-96 

90 

3 

0 

12-126 

Hi  258-87 

30 

3 

1 

4-141 

19* 

777-78 

93 

0 

1 

12-443 

111  270-51 

32 

1 

1 

4-327 

19§ 

797-85 

95 

2 

0 

12-764 

llf  280-40 

33 

2 

1 

4-518 

20 

818-18 

97 

3 

1 

13-090 

12   294-53 

35 

1 

0 

4-712 
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A  TEEATISE 

ON  THE  QUALITY,  MANUFACTURE,  AND  CHOICE  OP 
COKDAGE,  FOR  MINING  PURPOSES,  WITH  RULES  AND 
TABLES  FOR  THE  WEIGHT  AND  NUMBER  OF  THREADS 
CONTAINED  IN  ANY  SIZE  ROPE. 

IT  is  certainly  very  desirable,  if  not  absolutely  ne- 
cessary, that  every  person  who  is  intrusted  with 
the  management  of  a  mine  should  possess  some 
means  of  obtaining,  with  a  degree  of  certainty,  the 
quality  and  weight  of  the  ropes  he  may  have  occa- 
sion to  use ;  otherwise  the  lives  and  property  in- 
trusted to  his  care  will  be  continually  placed  in 
jeopardy,  and  his  employers  be  always  subject  to 
impositions  respecting  the  charge  ;  because  in 
many  cases  (from  the  magnitude  of  the  material)  it 
cannot  be  weighed,  and  therefore  its  weight  can 
only  be  ascertained  by  computation ;  consequently, 
if  the  agent  is  ignorant  of  the  matter,  the  right  of 
the  adventurers  will  solely  depend  on  the  truth  of 
the  manufacturer's  calculation. 

The  following  tables  will  enable  the  agent  to  find 
the  weight  of  any  rope,  and  the  ensuing  remarks 
will  help  his  judgment  respecting  the  quality 
thereof ;  being  far  the  most  important  part  of  the 
subject. 

There  are  various  methods  of  discovering  the 
quality  of  hemp  ;  but  as  miners  have  seldom  an 
opportunity  of  inspecting  the  article  in  this  stage  of 
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preparation,  we  shall  pass  on,  and  show  how  it  may 
be  proved  after  its  having  been  completely  manu- 
factured. 

The  first  thing  that  demands  our  particular  at- 
tention is,  the  size  of  the  yarn  or  thread  of  which 
the  rope  is  composed.  There  is  a  certain  gauge  or 
standard  for  this,  known  among  ropemakers  by  the 
terms,  sixteens,  eighteens,  twenties,  &c.,  which 
means  16,  18,  or  20  yards  in  the  strand,  or  third 
part  of  a  rope  3  inches  in  circumference.  The  fol- 
lowing table  shows  the  weight  of  the  different  sizes 
of  yarn  before  it  has  gone  through  the  operation  of 
tarring. 


SIZE 

LENGTH 

WEIGHT 

25 

If 

Ibs.    oz. 

2     13 

20 
18 
16 

n. 

fathoms. 
I 

3       8 
3     15 
4       6 

15 

4     10 

Now  the  true  standard  size  for  shroud-laid  rope 
is  twenties*  and  it  is  of  consequence  that  agents 
should  give  their  orders  accordingly,  and  afterwards 
be  assured  that  their  ropes  have  really  been  made 
with  yarns  of  this  gauge. 

In  order  to  prove  this,  first,  girt  the  circum- 
ference of  the  rope,  then .  count  the  yarns  in  the 


*  Of  which  it  is  shown  in  the  above  table  that  170  fathoms 
weighs  only  3  Ibs.  8  oz.  or  3^  Ibs. 
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strand,  and,  lastly,  refer  to  the  table  (page  135),  and 
note  if  the  number  corresponds  .with  that  standing 
in  the  proper  column,  opposite  the  dimensions  of 
the  rope. 

Manufacturers  have  many  inducements  for  spin- 
ning their  yarn  large.  First,  It  is  less  expen- 
sive, for  it  requires  no  more  time  to  spin  a  large 
yarn  than  to  spin  a  small  one,  and  16  or  17  yarns 
(in  their  way)  will  answer  the  end  of  20.  Secondly, 
In  large  yarns,  inferior  or  refuse  hemp  can 
be  spun,  which  cannot  be  done  in  yarns  of  a  smaller 
size  ;  and  this  consideration,  if  there  was  no 
other,  should  cause  the  agent  to  be  exceedingly 
particular  in  having  his  rope  made  of  standard 
yarns  ;  and  let  it  be  remarked,  that  although  a  rope 
made  of  sixteens  or  eighteens  will  be  nearly  equal 
in  weight  to  another  made  of  twenties,  yet  by  no 
means  will  it  be  equal  in  strength,  even  if  made  of 
the  very  same  kind,  or  indeed  of  superior  hemp. 
This  is  too  plain  a  truth  to  need  any  illustration : 
for  though  it  may  be  argued  that  what  is  wanting 
in  number  is  made  up  in  bulk,  yet  it  will  support 
an  equal  weight  no  more,  in  proportion,  than  a 
body  of  raw  hemp  the  size  of  a  cable  will  be  as 
strong  as  the  cable  itself. 

By  inspecting  the  table  (page  135)  it  will  be  seen 
that  the  strand  of  a  16-inch  capstan-rope  made  of 
twenties  contains  569  yarns,  but  if  made  of  six- 
teens,  only  455  yarns  ;  making  a  difference  in  the 
whole  rope  of  342  yarns. 

We  shall  now  give  a  plain  and  expeditious, 
though  infallible,  method,  of  proving  the  quality  of 
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hemp  and  yarn,  viz.  from  the  end,  or  fag,  of  the 
rope  cut  several  of  the  yarns  in  fathom  lengths, 
each  of  these  (standard,  size)  should  suspend, 
or  bear  up  separately,  70  pounds  weight  at  the 
least. 

Eegard  must  next  be  paid  to  the  last  part  of  the 
manufacture,  called  the  lay.,  or  twist,  of  the  rope  ; 
and  this  should  undergo  a  strict  examination,  as 
much  depends  on  the  skill  and  attention  of  the  ma- 
nufacturer in  this  part  of  the  process  ;  for  it  is  very 
possible  that  the  best  materials  may  be  used,  the 
yarn  spun  of  the  proper  size,  arid  with  the  greatest 
care,  and  yet  the  rope  be  very  defective,  and  by  no 
means  fit  to  be  depended  on.  This  may  be  easily 
discovered  when  the  rope  is  laid  in  a  straight  line  ; 
then,  if  either  of  the  strands  is  observed  to  mount 
or  fall,*  that  is,  rise  above  or  sink  beneath  the 
others  in  any  degree,  the  rope  has  been  crippled,  or 

*  This  fault  or  defect  is  kmnvn  among  ropemakers  by  the 
term  '  pinch ;  '  and  as  the  remedy  occasions  a  great  deal  of 
trouble  and  delay,  it  is  too  often  suffered  to  pass,  especially  as 
few  persons  are  able  to  detect  it  or  are  aware  of  its  injurious 
tendency. 

There  are  many  casual  occurrences  whereby  ropes  are  ex- 
posed to  injuries  in  mines,  out  of  the  common  course  of  working. 
We  may  notice  an  instance  or  two,  viz.  inattention  or  ignorance 
in  taking  them  from  the  coil  when  new;  they  should  always  be 
taken  out  the  contrary  way  from  which  they  were  coiled  in ;  that 
is,  if  a  capstan  rope  is  coiled  into  a  waggon,  the  uppermost  end 
should  be  put  down  and  drawn  from  the  under  part  of  the  car- 
riage ;  also,  in  small  cordage,  the  inward  extremity  of  the  rope 
should  be  taken  and  drawn  through  the  aperture  of  the  reel. 
The  general  disproportion  of  capstan  gear  in  mines  has  a  most 
destructive  effect  on  the  ropes  ;  the  sheaves  or  pulleys,  as  well  ;is 
the  barrel,  of  the  capstan  being  considerably  too  small ;  indeed, 
there  is  still  room  for  much  improvement  in  this  jart  of  mining 
machinery. 

K 
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inevitably  spoiled  ;  for  if  the  former  case,  of  one 
strand  rising,  in  the  event  of  trial,  that  strand  will 
be  found  to  bear  little  or  none  of  the  weight,  when 
the  other  two  will  break  ;  and  in  the  latter  case,  of 
one  strand  sinking,  that  strand  will  break  before 
the  other  two  have  been  brought  to  the  strain,  or 
have  borne  any  considerable  part  of  the  weight. 

These  great  defects  in  cordage  are  too  often  to 
be  found,  and  almost  as  often  pass  unobserved ;  but 
they  may  always  be  detected  by  a  close  inspection, 
and  thereby  many  of  the  serious  injuries  and  fatal 
accidents  which  so  often  take  place  in  mining  be 
happily  prevented. 

We  shall  close  these  observations  after  remark- 
ing, that  as  nearly  all  cordage  used  in  mining  is 
much  exposed  to  the  alternate  influence  of  sun 
and  moisture,  which  tends  greatly  to  accelerate  its 
decay,  it  ought  by  all  means  to  contain  a  greater 
quantity  of  tar  than  is  generally  used.  The  com- 
mon rule  is  1  to  5^,  or  1  to  6 ;  but  the  proportion 
of  1  to  4  J,  or  1  to  5,  would  be  much  better :  but  we 
recommend  this  increase  for  standing-ropes  only, 
such  as  capstan-ropes,  &c. ;  as  from  the  comparative 
unfrequency  of  their  use,  and  the  length  of  time 
they  endure,  they  are  equally  liable  to  injury  from 
mould  and  decay,  as  from  strain  and  friction. 

The  common  practice  of  tarring  the  surface  of 
the  rope  after  it  has  been  manufactured  is  of  very 
little  service  :  the  way  we  recommend  is,  by  reduc- 
ing the  ordinary  weight  suspended  to  the  lever, 
during  the  process  of  tarring  the  yarn  in  the  ma- 
nufactory, when  it  is  drawn  in  a  body  from  the 
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heated  coppers  through  the  knipper,  whereby  the 
tar  being  lodged  in  the  internal  part  of  the  rope 
cannot  fail  of  preserving  it  under  all  circumstances. 

The  following  rules,  examples,  and  tables  will  be 
found  plain,  convenient,  and  correct. 

TO  FIND  THE  NUMBER  OF  THREADS  IN  A 
SHROUD-LAID*  ROPE. 

EULE.  —  State  the  question  as  in  direct  proportion, 
square  the  first  and  third  terms,  multiply  the 
second  and  third  terms  together,  and  divide  the 
product  by  the  first. 

EXAMPLE. 

How  many  standard  yarns,  or  threads,  are  there 
in  a  14-inch  capstan  rope? 

in.          yarns.  in. 

As  3      :      20     ::     14 

3  14 

9  56 

14 

196 

20 

9)3920 
Answer  435  threads  in  the  strand. 


or  1305  threads  in  the  rope. 

*  The  term  '  shroud-laid  '  is  used  to  distinguish  a  rope  of  three 
strands  or  parts  from  another  of  nine  strands,  which  is  termed 
'  cable-laid.'  The  latter  may  be  said  to  be  3  shroud-laid  ropes 
twisted  together.  It  is  seldom  that  any  other  but  three-strand 
ropes  are  used  in  mines. 

K  2 
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EXAMPLE. 


How  many  standard  yarns  are  there  in  a  9J-inch 
rope? 


in. 

As  3 

yarns             in. 
:     20     :  :     9'5 

3 

9-5 

9 

475 

855 

90-25 

20 

9)1805-00 
Answer     200-  threads  in  the  strand. 

3 
600  threads  in  the  rope. 

TO  FIND  THE  WEIGHT  OF  SHROUD-LAID  ROPES. 

RULE. — State  the   question  and  square  the  num- 
bers as  in  the  last  example. 

EXAMPLE. 

If  1  cwt.  of  3-inch  rope  measures  54  fathoms,* 
what  will  be  the  length  of  an  cwt.  of  a  12-inch 
rope? 

*  The  length  of  standard  yarn  to  a  Ib.  is  43  fath.  2  ft.  4'3  in. 
after  it  has  been  tarred,  and  54  fathoms  of  3-inch  rope  are 
exactly  1  cwt.  By  this  rule  the  following  tables  have  been  con- 
structed. It  must  be  recollected  that  this  computation  is  made, 
estimating  the  proportion  of  tar  1  to  5£  only. 
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in. 

As 


in. 

3 
3 
9 

fath. 
:        54          :  : 
9 
144)486(3-375 
432         6 

in. 

12 

12 

114 

in. 

3 

540  2-250 
432         12 

1080  3-000 
1008 

720 
720 

fath.  ft. 

Answer     3     2 

EXAMPLE. 

If  100  fathoms  of  3-inch  rope  weighs  1  cwt.  3  qrs. 
11  *3  Ibs.,  what  will  be  the  weight  of  a  15-inch  rope 
the  same  length  ? 

in.       cwt.     qrs.     Ibs.  in. 

As    3     :     1       3     11-3     :  :     15 

34  lj> 

97  75 

28  15 


207-3  225 

225 


9)46642-5 

112)  5182    (46 

448 


702 
672 

30 


cwt.     qr.  Ibs. 

Answer   46     1     2 


134  CORDAGE. 

TO  FIND  THE  WEIGHT  OF  ROPES  BEING  120 
FATHOMS  IN  LENGTH. 

BULK— Divide  the  circumference  of  the  rope  by 
2,  and  square  the  remainder.* 

EXAMPLE. 
What  is  the  weight  of  a  12-inch  rope  120  fathoms 

long? 

2)12 

6 
J5 

Answer  36  cwt. 

EXAMPLE. 

What  is  the   weight  of  a   144-inch   rope   120 

fathoms  long  ? 

2)   14-5 

7-25 
7-25 

52-5625 
4 

2-2500 


200 
50 


7-0000 

cwt.  qrs.  Ibs. 

Answer   52     2     7 

*  This  rule  is  not  perfectly  accurate,  but  may  be  useful  in 
affording  a  clue  for  finding  the  approximate  weight  of  ropes, 
especially  if  the  circumference  is  in  even  numbers  ;  it  may  then 
be  used  mentally,  or  by  the  mind  only. 
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TABLE  I. 

SHOWING    THE    NUMBER    OP    THREADS   IN    THE    STRAND 
OF   A   SHROUD-LAID   ROPE. 


Size  of 
Eope 

Size  of 
Yarn 

Sixteens 

Size  of 
Yarn 

Twenties 

Size  of 
Eope 

Size  of 
Yarn 
Sixteens 

Size  of 
Yarn 
Twenties 

Inches 

Number 

Number 

Inches 

Number 

Number 

2 

7 

9 

gi 

160 

200 

24 

10 

14 

ib2 

177 

222 

3 

16 

20 

104 

196 

245 

34 

21 

27 

11 

215 

268 

4 

28 

35 

n4 

235 

293 

44 

36 

45 

12 

256 

320 

5 

44 

55 

124 

278 

347 

51 

53 

67 

13 

300 

375 

6 

64 

80 

131 

324 

405 

64 

75 

93 

14 

348 

435 

7 

87 

109 

144 

374 

467 

74 

100 

125 

15 

400 

500 

8 

113 

142 

154 

427 

533 

84 

128 

160 

16 

455 

569 

9 

144 

180 

164 

484 

605 

The  difference  of  the  number  of  threads  in  the  whole  rope 
will  be  found  by  subtracting  the  numbers  standing  under  '  six- 
teens  '  from  those  under  '  twenties,'  and  multiplying  the  re- 
mainder by  3.  (Thus  256  —  320  =  64  x  3  =  192.)  Therefore 
it  appears  that  a  12-inch  rope  made  of  'twenties'  contains  192 
threads  more  than  another,  of  the  same  circumference,  made  of 
'  sixteens.' 
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TABLE  II. 

SHOWING    THE    LENGTH    OP    SHROUD-LAID    ROPES    TO   A 
CWT.    FROM    1    TO    16    INCHES   IN   CIRCUMFERENCE. 


Size  of 
Rope 

Fath. 

Feet 

Inches 

I  Size  of 
Rope 

Fath. 

Feet 

Inches 

Inches 

Inches 

1 

486 

0 

o-o 

9 

6 

0 

0 

H 

216 

0 

o-o 

91 

5 

2 

3-7 

2 

121 

3 

o-o 

10 

4 

5 

1-9 

H 

77 

4 

6-7 

101 

4 

2 

5-4 

3 

54 

0 

o-o 

11 

4 

0 

1-2 

3i 

39 

4 

o-o 

111 

3 

4 

0-9 

4 

30 

2 

3-0 

12 

3 

2 

3 

4 

24 

0 

o-o 

121 

3 

0 

7-9 

5 

19 

2 

7-7 

13 

2 

5 

3-1 

51 

16 

0 

4-3 

131 

2 

3 

11-5 

6 

13 

3 

o-o 

14 

2 

2 

10-4 

6i 

11 

3 

o-o 

141 

2 

1 

10-4 

7 

9 

5 

6-2 

15 

2 

0 

11-5 

74 

8 

3 

10-0 

151 

2 

0 

1-4 

8 

7 

3 

6-7 

16 

1 

5 

4-6 

*i 

6 

4 

4-3 

161 

1 

4 

8-5 

The  exact  weight  of  a  rope  of  any  length  may  be  found  by  the 
above  table  and  the  rule  of  proportion. 

EXAMPLE. 

Required  the  weight  of  25  fathoms  of  14-inch  rope? 
fath.  ft.     in.  cwt.         fath. 


As    2     2     10-4 

14 
12 


178-4 


cwt.  qrs.  Ibs. 
Answer     10     0      10 


i    ::    25 

6 

150 
12 

178-4)1800(1 0-09 
_4 

Te 

28 


10-08 


CORDAGE. 


137 


TABLE  III. 

SHOWING   THE   WEIGHT  OF   SHROUD-LAID  ROPES    100. 
FATHOMS   IN   LENGTH. 


Size  of  Rope 

Cwt. 

Qrs. 

Lbs. 

Inches 

3 

1 

3 

11-3 

4 

3 

1 

4 

5 

5 

0                    15 

6 

7 

1                    16 

7 

10 

0 

7 

8 

1>3 

0 

19 

9 

16 

2 

15 

10 

20 

2 

4 

11 

24 

3 

11 

12 

29 

2 

14 

13 

34 

3 

3 

14 

40 

1 

12 

15 

46 

1 

2 

16 

52 

2 

22 

NOTE. — The  weight  of  any  length  of  rope  may  be  found  by  the 
above  table  and  the  rule  of  practice. 

EXAMPLE. 

What  is  the  weight  of  47  fathoms  of  11-inch  rope  ? 
cwt.  qrs.  Ibs. 


25 


i 


24     3 


20 
2 
Answer  11  2  19 


11 

24 
24 

27 


The  weight  and  circumference  of  any  rope  being 
given,  the  length  may  be  found  by  the  foregoing 
table  and  the  common  rule  of  proportion,  or  by 
decimals. 
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EXAMPLE. 

cwt.  qrs.  Ibs. 
What  is  the  length  of  7     3     14  of  7-inch  rope  ? 


cwt.  qrs.  Ibs. 
As    10     0     7      : 

fath.          cwt.  qrs.  Ibs 

100    ::    7    3    14 

4 

4 

40 

31 

4 

4 

161 

126 

100 

161)12600 

78-26 

cwt. 
As  10-0625 


fath.  ft.  in. 
Answer    78     1 

Or  the  length  of  any  rope  may  be  known  by  the  2nd  table  and 
the  rule  of  practice. 

EXAMPLE. 

What  is  the  length  of  16  cwt.  2  qrs.  21  Ibs.  of  a  10^-inch 
rope? 

fath.  ft.   in. 

4    2     5-4  to  an  cwt.  by  the  table. 
8 


35     1     7-2 


70  3  2-4 

2  1  2-7 

0  3  3-6 

0  1  7-8 


Answer         73     3     4-5 
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OBSERVATIONS 

ON  THE  CONSTRUCTION   OP   MINING    CAPSTAN    AND 
SHEARS. 

IT  has  been  noted  that  there  remains  much  room 
for  improvement  in  the  capstan  machinery  of  our 
mines ;  consequently  it  will  not  be  irrelevant  to  the 
foregoing  treatise  briefly  to  submit  our  ideas  on  the 
subject  in  this  place. 

By  the  present  apparatus,  a  capstan  rope  of  14  or 
16  inches  in  circumference  is  drawn  over  a  single 
pulley,  on  the  top  of  the  shears,  two  feet  in  diame- 
ter, or  thereabout,  from  whence  it  is  brought  down 
nearly  to  the  foot,  and  then  conducted  under  another 
pulley  to  the  axle  or  barrel  of  the  capstan ;  a 
cylinder  seldom  exceeding  2J  feet  in  'diameter. 

The  violence  done  to  the  rope  in  lifting  great 
weights,  as  well  as  the  augmentation  of  friction,  in 
consequence  of  these  sudden  turns  or  incurvities,  is 
certainly  greater  than  has  been  generally  under- 
stood ;  but  reflection  and  experience  combine  to 
teach  us,  that  at  all  these  bends  or  flexures  a  con- 
siderable proportion  of  the  number  of  threads  con- 
tained in  the  rope  contribute  nothing  towards  the 
support  of  the  suspended  weight;  the  outermost 
part  of  the  cordage,  from  the  grove  of  the  pulley, 
necessarily  bearing  the  whole  strain. 

The  excess  of  friction  is  chiefly  produced  by  the 
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lay  or  twist  of  the  rope,  it  having  thereby  an  in- . 
nate    and    unconquerable   tendency    to   resist    the 
constraint  of  being  forced  into  a  small  curve  ;  con- 
sequently, the  less  scope  it  has  the  more  power  will 
be  required. 

These  arguments  are  self-evident,  and  no  doubt 
but  the  inconveniences  alluded  to,  and  many  more, 
are  partially  known  and  acknowledged;  but  the 
question  is,  How  can  they  be  remedied  ?  We  respect- 
fully submit  the  following  proposition  : — First,  let 
the  uprights  of  the  shears  stand  farther  apart  on 
the  top  than  usual,  and  the  cap  or  head-piece  of  a 
^convex  shape,  so  that  it  may  admit  3  pulleys  in  a 
triangular  position,*  the  side  pulleys  horizontal, 
and  the  middle  one  standing  higher  than  the  others  ; 
then  let  a  sheave  be  introduced  in  a  channel  in  the 
leg  at  the  shears  next  the  capstan,  about  one  third 
down  from  the  cap  ;  another  in  the  stay  of  the  span- 
beam,  projecting  3  or  4  feet  from  the  leg  ;  and  the 
last  pulley  placed  in  a  strong  post  fixed  about  14 
feet  from  the  foot  of  the  shears,  in  a  direct  line  and 
parallel  with  the  axle  of  the  capstan,  f 

By  this  simple  contrivance  it  may  be  reasonably 
conjectured  that  one  rope  will  endure  as  long  as 
two,  and  a  14  be  equal  to  a  16-inch  on  the  old  plan; 
and  as  the  latter,  100  fathoms  long,  is  above  12  cwt. 
heavier  than  the  former,  of  course  that  superfluity 

*  Or  a  straight  piece  may  be  used  for  the  cap,  letting  the 
centre  pulley  be  large  and  the  side  ones  small ;  but  a  semicir- 
cular cap  with  5  small  pulleys  (one  on  the  top  and  two  on  each 
side)  will  be  still  preferable. 

|  The  barrel  of  the  capstan  should  be  made  proportionally 
larger,  and  the  arms  or  bars  of  a  corresponding  length. 
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will  be  avoided  both  in  cost  and  gravity:  *  the 
shears  will  stand  more  erect  than  usual,  where- 
by their  height  and  strength  will  evidently  be  in- 
creased. 

We  profess  to  know  but  little  of  the  science  of 
mechanics,  nevertheless  we  feel  confident  that  the 
foregoing  proposition  is  quite  practicable,  and  the 
subject  is  sufficiently  important  to  demand  con- 
sideration. We  hope  to  see  the  hint  improved  and 
carried  into  effect  by  some  of  our  ingenious  engi- 
neers. 

*  The  safety,  as  well  as  convenience  and  economy,  of  this 
plan  is  too  apparent  to  be  overlooked. 
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INTEODUCTION. 

NEAELY  twenty  years  have  elapsed  since  '  The 
Practical  Miner's  Guide'  was  sent  into  the  world, 
and  the  author  is  constrained  to  acknowledge  that 
his  extensive  practice  and  experience  in  almost 
every  branch  of  mining  during  that  long  period 
has  not  enabled  him  to  discover  where  any  im- 
portant improvement  can  be  made  in  that  work. 
The  additions  in  the  present  volume  are  comprised 
in  merely  extending  the  principles  originally  laid 
down,  and  practically  applying  the  mathematical 
tables  and  rules  to  more  difficult,  complicated,  and 
momentous  subterranean  surveys;  for  it  may  be 
remarked,  without  subjecting  ourselves  to  the  charge 
of  arrogancy,  that  the  light  thrown  on  the  mining 
world  by  this  publication  has  contributed  towards 
expanding  the  minds  of  practical  men  generally, 
and  qualifying  them  for  pursuing  and  carrying  out 
the  scientific  and  demonstrative  principles  to  the 
utmost  extent  of  their  difficult  and  highly  important 
operations. 

L 
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During  the  last  five  years  the  author  com- 
menced a  correspondence  on  mine  surveying  in  the 
1  Mining  Journal,'  with  a  view  of  rendering  a  last- 
ing benefit  to  the  mining  interest,  by  exposing  the 
imperfection  of  the  old  method  of  dialling,  by 
tracing,  pegging^  or  mechanical  repetition,  and 
showing  the  vast  superiority  of  the  trigonometrical 
system  in  every  point  of  view.  This  attempt 
brought  on  a  most  extensive  controversy,  and  many 
of  '  the  old  school '  arose  and  came  forward  to 
advocate  the  old  practice ;  but,  as  if  ashamed  of  the 
cause  they  had  espoused,  they  were,  almost  to  a 
man,  anonymous  writers. 

The  unprejudiced  and  investigating  part  of  the 
community  honoured  me,  or  rather  the  system  I 
defended,  with  their  able  support,  and  rallied 
around  my  standard.  The  defeat  of  our  opponents 
was  complete,  even  before  we  attempted  to  apply 
the  infallible  test  of  experimental  operation.  Eea- 
son  and  historical  proof  had  thrown  them  down; 
but  when  we  brought  forward  problems,  in  the 
shape  of  actual  surveys,  and  challenging  them  to 
furnish  the  true  answers,  they  crept  out  of  the  field, 
and  not  one  of  them  was  heard  of  after  that  in- 
teresting, beneficial,  and  satisfactory  investigation 
was  introduced.  Nearly  all  the  problems  that  appear 
in  this  supplement  were  publicly  brought  forward 
by  the  author  on  this  occasion,  and  of  course  un- 
derwent a  rigid  and  extensive  scrutiny ;  and,  so  far 
from  any  error  appearing,  the  truth  of  the  calcula- 
tion and  perfection  of  the  system  was  demonstrated 
by  exact  corresponding  solutions  being  publicly 
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corded  from  persons  residing  in  England,  Ireland, 
and  Wales. 

It  will  be  seen,  in  the  preface  to  the  first  edition 
of  this  work,  that  I  called  public  attention  to  the 
great  injury  done  to  mining  by  the  bad  practice  of 
surveying  or  dialling  then  in  general  use ;  but  as 
at  that  time  there  was  no  work  written  on  the  sub- 
ject, there  was  an  excuse  for  the  disastrous  errors 
that  took  place  then,  that  does  not  now  exist ;  and 
the   mine   agent    who  cannot    now  prove    all    his 
dialling  operations,  before  a  single  stroke  has  been 
struck,  ought  not  to  presume  to  make  the  attempt ; 
and  certainly  it  behoves  directors,  managers,   and 
shareholders  in  mines,  to  test  the  abilities  of  those 
agents  or  captains  who  profess  to  be  competent  to 
undertake  the  momentous   work   of  subterraneous 
surveying,  by  requiring  them  to  give  mathematical 
solutions  to  a  series  of  practical  questions  on  the 
subject ;  and  not,  as  is  too  often  the  case,  proving 
their  incapacity  by  some   fearful   error   that   they 
have  committed,  occasioning  serious  injury  to  the 
mine,  great  delay,  and  an  extra  cost  of  hundreds  of 
pounds  to  the  proprietors.     And  let  it  be  under- 
stood  that  proof  cannot   be  obtained   by  the  old 
method  of  dialling ;  that  is,  by  tracing  or  repeating 
at  the  surface  the  drafts  taken  underground.     This 
was  fully  demonstrated  in  the  course  of  the  late 
controversy,  both  argumentatively  and   practically. 
One   convincing   case    was   brought    forward    and 
confirmed,  that  occurred  in  Gwennap  several  years 
ago.     It  was  required  to  find  the  point  at  surface 
for  sinking  a  shaft  to  meet  a  rise  that  had  been 

i,  2 
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commenced  at  the  adit  level.  This  was  certainly 
a  very  plain  and  easy  job  under  a  good  system,  but 
it  presented  insurmountable  difficulties  under  the 
old  practice.  The  shaft  was  set  to  a  pair  of  eight 
men,  and  the  captains  proceeded  to  dial  and  peg  to 
ascertain  the  true  point.  The  first  dialler  fixed 
his  terminating  peg  on  a  certain  spot,  and  the 
next  dialler's  peg  occupied  another  position ;  and 
the  history  of  the  case  is,  that  four  agents  were 
constantly  occupied  two  or  three  weeks  about  this 
job,  without  being  able  to  ascertain  the  true  place 
for  the  shaft,  which  a  competent  man  would  have 
determined  and  proved  in  a  few  hours.  At  the 
close,  they  had  a  plantation  of  pegs  occupying  an 
area  of  several  square  fathoms ;  and  the  manager, 
seeing  it  hopeless  to  expect  certainty  from  such  an 
uncertain  practice,  and  tired  of  waiting  and  wasting 
any  more  time,  proceeded  to  make  the  best  of  a  bad 
matter,  by  lining  out  the  shaft  in  the  place  where 
the  pegs  appeared  to  stand  thickest  I  and  the  con- 
sequence was,  a  serious  error  of  some  feet  in  the 
holing. 

Now,  by  introducing  this  affair,  our  design  is 
not  to  impeach  men:  it  is  the  practice  or  usage 
that  we  condemn  and  expose,  in  order  that  it 
may  be  discountenanced  and  rejected,  and  thereby 
an  incalculable  benefit  be  conferred  on  metallic 
mining. 
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IT  is  well  known  that  our  little  army  of  mine 
agents  or  captains  have  almost  to  a  man  been  se- 
lected from  the  '  ranks,'  and  have  been  brought  up 
as  working  miners  from  their  youth  ;  and  the  best 
judges  admit  the  propriety  and  even  necessity 
of  this  regulation,  in  order  that  they  should  be 
competent  to  fix  the  value  or  fair  price  for  working 
a  tut-work  bargain,  or  tribute  pitch,  and  possess 
a  thorough  knowledge  of  underground  operations. 
This  being  admitted,  we  must  conclude,  that  in. 
general  their  education  has  been  much  limited ; 
and,  therefore,  in  writing  for  their  assistance, 
although  there  may  be  some  exceptions,  we  would 
accommodate  ourselves  to  the  lowest  capacity,  so 
that  the  young  aspiring  miner  may  not  be  discou- 
raged from  prosecuting  his  incumbent  and  laudable 
studies,  and  qualifying  himself  for  performing  the 
high  and  paramount  duties  of  a  mine  agent  with 
credit  to  himself,  and  advantage  to  his  employers 
and  his  country. 

Before  this  work  was  published,  it  is  questionable 
whether  a  mining  traverse  had  ever  been  trigono- 
metrically  solved  in  this  country ;  and,  consequently, 
in  order  to  simplify  the  matter,  the  instructions 
given  for  finding  the  ultimatum  of  a  course  of 
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dialling  was  by  construction  or  instrumental  opera- 
tion ;  but  as  we  believe  our  students  are  generally 
prepared  to  advance  a  step,  we  shall  now  recom- 
mend and  show  the  more  excellent  way  of  perform- 
ing the  whole  by  computation,  or  by  figures. 

The  trigonometrical  method  of  working  a  course 
of  dialling  reduces  the  whole,  however  numerous 
and  diversified,  into  two  numbers ;  for  the  four 
columns  of  easting,  westing,  northing,  and  south- 
ing being  added  up  separately,  and  then  the  less 
deducted  from  the  greater  of  the  opposite  cardinal 
points,  reduces  the  whole  into  two  numbers,  forming 
the  base  and  perpendicular  of  the  great  triangle, 
and  are  necessarily  right  angle  cardinal  bearings, 
such  as  easting  and  southing,  or  northing  and  west- 
ing, as  the  case  may  be ;  and  our  next  and  last 
operation  is  to  find  the  hypothenuse  and  angle 
corresponding  with  those  two  sides,  which  hypo- 
thenuse and  angle  is  the  final  line,  or  course  of  the 
survey. 

EXAMPLE. 

A  traverse  has  been  worked,  the  columns  added 
up,  and  the  westing  subtracted  from  the  easting, 
showing  the  excess  of  easting  to  be  346  feet ;  and 
the  southing  subtracted  from  the  northing,  the 
difference  proved  the  excess  of  northing,  419  feet 
5  inches. 
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OPERATION. 

Find  the  hypothenuse  by  square  root. 

EULE. — Add  the  sum  of  the  squares  of  the  two 
sides  together,  and  extract  the  square  root  of  their 
sum. 

346  419-4 

346  419-4 


2076  16776 

1384  37746 

1038  4194 

119716  16776 


175896-36 
119716 

295612-36(543-7 
25  12 

..104)156  "81 

416 


1083)  4012 
3249 

10867)  76336 
76069. 


267 


ft.   in 

Answer  Hyp.  543  8 
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Find  the  angle  by  proportion. 

ft.       in.  ft-  ft' 

If    419     5     gives     346  what  will     6  give? 

12  _J12  ^ 

MJ33  "4152  72 

72 

8304 

29064       in.  ft.       in. 

5033)298944(59-39  or  4     11-39 
25165 


47294 
45297 

19970 
15099 

"48710 
45297 


4413 


Then  by  inspection  in  the  second  table,  page  79, 
this  quotient  of  4  feet  11'39  inches  will  be  found 
standing  opposite  39°  30',  which  is  the  bearing,  or 
sum  of  the  angle  opposite  the  shortest  side  of  the 
great  triangle. 


ANSWEE. 


Hypothenuse,  or  direct  length  from  beginning  to 
end,  543  feet  8  inches.  Bearing,  or  direction  from 
beginning  to  end,  39°  30'  east  of  north. 
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EEMAEKS. 

In  carrying  out  this  system  practically,  after  we 
have  laid  down  this  grand  or  final  line  at  surface, 
and  fixed  a  mark  at  the  extreme  end  of  the  line 
which  has  been  measured  off  from  the  starting 
point,  543  feet  8  inches  on  the  bearing,  39°  30' 
east  of  north  (or  50°  30'  north  of  east,  the  com- 
plement), we  are  furnished  with  a  double  means  of 
proving  if  this  length  and  angle  has  been  correctly 
laid  down,  by  measuring  off,  due  north,  419  feet 
5  inches  from  the  start,  and  then  placing  the 
theodolite,  or  dial,  on  the  end  of  that  line,  and 
measuring  off  due  east  346  feet ;  consequently,  if 
the  whole  has  been  well  done,  the  last  mark  will 
exactly  agree  in  both  cases.  Or  should  the  ground 
be  more  favourable,  we  may  avail  ourselves  of  the 
convenience  of  laying  off  the  east  line  first,  and  the 
north  line  last,  which  will  bring  us  to  the  same 
point. 

One  great  advantage  of  these  proof  lines  will 
appear,  when  we  take  into  consideration  that  most 
of  the  instruments  used  in  mines  for  taking  hori- 
zontal angles  have  no  vernier  scale  for  reading  off 
the  fraction  of  the  angle  ;  and,  therefore,  if  the 
bearing  falls  between  any  quarter,  or  half  of  a 
degree,  the  surveyor  must  depend  on  the  judgment 
of  his  eye  for  the  division,  and  let  it  be  known  that 
an  error  of  one  quarter  of  a  degree  in  100  feet 
amounts  to  5  inches  and  a  decimal  of  -23596,  or 
upwards  of  2  feet  7  inches  in  a  line  of  100  fathoms ; 
hence  the  value  of  having  this  most  satisfactory 
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and  convenient  check  for  the  laying  down  of  the 
last  grand  line  must  be  manifest  to  every  observer, 
and  should  never  be  neglected. 

LOGARITHMS. 

Should  the  practitioner  wish  to  prove  the  find- 
ing the  angle  and  hypothenuse  by  logarithms,  the 
following  is  the  rule : — 

From  less  side  346  and  radius  =  12-5390761 
Subtract  longest  side,  419-4  =  2-6227140 
Log.  tangent  of  39°  30'  .  .  9-9163621 

RULE   FOR   THE   HYPOTHENUSE. 

From  less  side  and  radius  (as  before)  12-5390761 
Subtract  sine  of  39°  30'  .'  .  .  9-8035105 
Logarithm  of  543-8  nearly  .  .  2-7355656 

The  rules  expressed  at  length  read  thus  :  — 

FOR   THE   ANGLE. 

Add  the  radius  to  the  logarithm  of  the  less  side, 
and  from  the  sum  subtract  the  logarithm  of  the 
greatest  side  ;  the  remainder,  or  sum,  will  be  the 
tangent  of  the  angle  opposed  to  the  less  side. 

FOR  THE   HYPOTHENUSE. 

Add  the  logarithm  of  the  given  side  to  the  sine 
of  the  angle  opposite  to  the  side  required,  and  from 
the  sum  subtract  the  sine  of  the  angle  opposed  to 
the  given  side  ;  the  remainder  will  be  the  loga- 
rithm of  the  side  required. 
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SYSTEM. 

There  is  much  propriety  in  the  remark,  that 
'  system  is  the  handmaid  of  science,'  and  the  term 
may  be  considered  as  used  in  contradistinction  to 
disorder,  irregularity,  or  random.  The  man  who 
would  excel  in  the  important  work  of  mine  sur- 
veying should  have  a  system,  and  a  good  one.  It 
is  true,  men  are  apt  to  be  bigoted  in  this  matter, 
and  think  so  highly  of  their  own  system  as  to 
despise  all  others  ;  but  certainly  we  must  admit  that 
a  bad  or  an  imperfect  system  is  better  than  no 
system  at  all.  He  who  has  no  fixed  rule  is  liable 
to  error  every  step  he  takes.  We  would  recom- 
mend the  young  dialler  to  adopt  a  system  in  keep- 
ing his  register  or  dialling  book  underground,  so 
that  his  subterranean  surveys  may  be  perfectly 
clear  and  comprehensible,  not  only  to  himself,  but 
to  all  practical  men.  Let  us  suppose  we  have  to 
survey  a  level  driven  on  the  course  of  the  lode, 
where  there  are  several  cross  cuts  driven  off  to  the 
right  and  left.  I  would  advise  the  student  to 
keep  the  number  of  his  drafts  on  the  main  line,  or 
course  of  the  lode,  in  regular  numerical  order  ;  and 
when  he  has  to  branch  off  on  a  cross  cut,  let  him 
make  the  necessary  mark,  and  call  the  first  draft 
in  that  cross  cut  Number  1,  and  so  on  in  succes- 
sion to  the  end  of  it.  On  his  return  to  the  mark 
where  he  departed  from  the  main  line,  let  the 
dialling  on  the  cross  cut  stand  in  the  book  as  a 
parenthesis,  and  let  him  resume  his  course  on  the 
lode,  numbering  his  draft  in  order  from  where  he 
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branched  off.  By  this  system  he  will  have  no 
turning  from  one  place  to  another  in  his  book — 
all  will  be  regular ;  and  if  the  main  course,  or  any 
other,  should  be  required  to  be  copied  separately, 
in  the  fair  dialling  book,  it  can  easily  be  done. 
Moreover,  should  a  diagram  or  geometrical  plan  of 
the  level  and  all  its  windings,  and  drifts  or  cross 
drivings,  be  required,  by  this  mode  of  entry  every- 
thing will  appear  in  its  proper  place. 

Another  part  of  the  '  system '  is,  to  let  the  sight 
or  vane  fixed  at  360°  always  take  the  lead,  and  the 
surveyor's  eye  placed  at  the  opposite  vane,  except 
when  taking  back  observations.  This  will  be 
found  under  the  head  of  'Eernarks  connected  with 
the  Converting  Table  ; '  and  in  horizontal  dialling, 
let  two  drafts  be  made  from  every  station,  which 
will  expedite  the  work,  as  the  dialler  will  only 
have  to  wait  for  the  settling  of  the  needle  once, 
instead  of  twice  by  the  other  method. 

SURVEYING  WITHOUT  THE  MAGNETIC  NEEDLE. 

This  is  a  valuable  modern  discovery  in  mine 
surveying,  and  as  '  necessity  is  the  mother  of  in- 
vention,' the  general  introduction  of  railways  and 
tramroads  in  mines  drove  the  surveyor  to  seek 
some  substitute  for  the  needle,  which  the  attrac- 
tion of  iron  rendered  useless,  and  he  has  happily 
succeeded. 

This  method  of  surveying  cannot  be  performed 
with  the  common  dial  ;  but  the  best  circtim- 
ferenters  are  now  made  with  an  external  gradua- 
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tion  and  vernier  scale,  on  the  theodolite  principle, 
on  purpose  for  the  performance  of  this  work. 

Mr.  W.  Cox  (from  Arnold's,  London),  of  Devon- 
port,  makes  these  instruments  in  a  superior  style  to 
any  other  in  the  west  of  England. 

The  method  of  surveying,  on  this  principle, 
differs  from  the  magnetic  method  chiefly  in  one 
particular — namely,  that  in  every  fresh  draft  the 
position  of  the  bearing  must  be  ascertained  by  the 
back  observation,  in  the  direction  of  the  sights, 
and  the  angle  made  at  the  old  station  must  be  ob- 
tained and  preserved  at  the  new  station ;  and  this 
is  evident,  because  we  have  no  magnet  for  our 
guide.  For  example  : — Suppose  we  are  surveying 
over  a  railway  in  a  level,  and  the  last  observation 
was  259° ;  after  measuring  the  length,  the  instru- 
ment is  removed  and  carried  forward  to  the  place 
of  the  light  where  the  angle  was  taken,  and  a  mark 
and  light  left  at  the  old  station.  Then,  after  the 
instrument  has  been  adjusted  in  its  true  place,  the 
next  act  of  the  surveyor  is  to  place  the  centre  of 
the  vernier  on  259°,  as  it  stood  at  the  old  station  ; 
and  if  the  instrument  does  not  move  by  rack- work, 
he  must  keep  all  firm  with  his  hands,  and  turn -the 
head  toward  the  last  station,  until  the  candle  is 
seen  through  the  sights.  He  then  removes  behind 
the  instrument,  and  moves  the  sights  in  the  direc- 
tion for  the  next  draft,  where  the  assistant  is  hold- 
ing a  light  for  the  purpose  (the  graduation  being 
fixed),  and  this  new  draft  gives  (say)  270  J°,  show- 
ing a  difference  between  the  two  drafts  of  11J°. 
Although  this  process  is  somewhat  tedious  in  de- 
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scription,  it  is  simple  in  practice,  and  the  history  of 
one  draft  is  as  well  as  a  hundred  ;  and  we  may 
observe  that,  with  proper  care  and  judgment,  this 
is  the  most  perfect  method  of  surveying,  because 
there  is  no  risk  of  attraction;  and  as  the  circle  is 
much  larger  than  the  inside  plate,  and  the  divisions 
more  distinct,  together  with  the  vernier  scale  being 
applied,  the  angle  can  be  read  off  to  one  or  two 
minutes,  a  nicety  which  cannot  be  attained  by  the 
needle  in  the  common  way.  It  is  hardly  necessary 
to  state  that,  in  order  to  obtain  the  bearing,  there 
must  be  at  least  one  draft  in  the  traverse  where 
the  needle  must  be  brought  into  play,  and  this 
draft  will  determine  the  polarity  or  direction  of 
the  whole. 

Further,  let  it  be  remarked,  that  a  survey  may 
be  resolved  into  bearings,  and  worked  trigonome- 
trically,  when  this  method  is  used,  as  by  the 
needle. 

Suppose  a  case  that  we  are  about  to  survey  over 
a  railway,  but  there  is  space  enough  clear  of  iron 
for  the  first  draft  ;  and  taking  the  observation 
with  the  needle,  we  find  the  north  point  (a  right- 
hand  dial)  stand  at  176^° ;  we  then  fix  the  outer 
circle  with  the  vernier  precisely  at  the  same  point, 
and  then,  throwing  off  the  needle,  perform  all  the 
remainder  of  the  traverse  by  means  of  the  outer 
circle.  Hence  it  will  be  evident,  then,  if  the  out- 
ward circle  is  also  graduated  toward  the  right  hand, 
that  the  whole  course  will  come  under  the  imme- 
diate operation  of  the  '  converting  table,'  as  if  the 
work  had  been  performed  with  the  needle  ;  and  if 
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the  graduation  should  be  reversed,  the  '  left-hand ' 
bearings  will  apply  accordingly,  regard  being  had 
to  inversion  in  both  cases. 

This  instrument  is  also  well  adapted  for  taking 
the  bearing  of  diagonal  or  underlaying  shafts, 
having  a  lift  of  iron  pumps — a  job  that  has  often 
baffled  the  skill  and  ingenuity  of  diallers,  and 
occasioned  numerous  and  most  serious  errors. 

The  operation  may  be  performed  thus  :  —  Sup- 
pose we  are  in  the  60  fathom  level,  and  from 
thence  to  the  100  the  shaft  was  sunk  on  the  course 
of  the  lode,  on  an  underlay  of  3  feet  per  fathom 
northerly.  By  applying  the  instrument  at  some 
point  in  the  level  near  the  shaft  (but  far  enough 
away  to  be  free  from  attraction  by  the  pumps),  we 
find  the  bearing  by  the  needle,  to  a  point  opposite 
the  shaft,  to  be  due  west,  and  the  vernier  on  the 
outer  rim  standing  at  90° ;  we  then  remove  the 
instrument  to  the  shaft,  where  the  light  was  held, 
and  adjust  the  back  observation  as  before  directed, 
having  90°  on  the  outer  rim,  and  the  needle 
thrown  off  as  useless,  because  we  are  now  close  to 
the  pumps.  A  light  is  to  be  carried  down  the 
shaft  as  far  as  it  can  be  seen,  and  after  the  gradu- 
ated circle  has  been  screwed  fast,  the  rack  is  applied, 
and  the  sights  turned  until  we  cut  the  candle  in 
the  bottom  of  the  shaft.  This  being  done,  we 
examine  and  read  off  the  degree  against  the  point 
of  the  vernier,  which  proves  to  be  (say)  187f°. 
Now,  as  when  the  instrument  stood  in  a  due  west 
position  the  outer  circle  stood  at  90°,  and  in  taking 
the  bearing,  it  stood  at  187J°,  therefore,  by  subtract- 
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ing  90°  from  187  J°,  we  find  the  gain  to  the  right  hand 
of  west  is  97J°,  and,  the  underlay  being  northerly, 
the  true  bearing  of  the  shaft  is  7  J°  east  of  north. 

The  imperative  call  for  accuracy  in  cases  of  this 
kind  will  be  seen  when  it  is  considered  that  the 
diagonal  part  of  this  shaft  is  upwards  of  40 
fathoms,  and  the  underlay  3  feet  in  a  fathom ;  con- 
sequently, the  whole  base  is  more  than  20  fathoms ; 
and  an  error  in  the  bearing  has  the  same  effect  on 
the  survey  as  if  it  had  been  made  in  taking  a  hori- 
zontal draft  of  20  fathoms  long,  and  on  which  an 
error  of  4°  would  throw  the  end  of  the  line  nearly 
9  feet  too  far  either  to  the  right  or  left. 

Should  a  dialler  be  called  to  do  a  job  of  this 
kind  in  the  absence  of  a  suitable  instrument,  he 
may  accomplish  it  in  the  following  manner : — Let 
him  fix  a  cross-staff  in  such  a  position  that, 
through  one  pair  of  sights,  he  can  see  the  candle  in 
the  shaft,  and  in  the  line  of  the  other  parr  he  has 
the  dial  fixed  in  the  level,  out  of  the  way  of  the 
attraction  ;  consequently,  the  light  in  the  shaft, 
and  the  dial  in  the  level,  are  two  objects  forming 
a  right  angle  with  his  cross-staff.  He  then  requests 
his  assistant  to  look  at  a  light  held  immediately 
over  the  head  of  his  cross-staff,  through  the  sights 
of  the  dial,  and  he  finds  this  (say)  12°  north  of 
west :  and  as  the  bearing  of  the  shaft  is  exactly 
at  right  angles  with  this  line,  if  the  underlay  is 
northerly,  the  bearing  of  the  shaft  will  be  12°  east 
of  north  ;  if  southerly,  12°  west  of  south.  The  best 
cross-staffs  or  instruments,  for  the  express  purpose 
of  taking  right  angles,  are  now  made  of  a  hollow 
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cylindrical  shape,  of  brase,  with  cuts  or  apertures 
for  taking  the  observation  ;  but  a  substitute  may 
be  used  on  a  pinch,  by  drawing  two  lines  at  right 
angles  on  a  board,  about  6  inches  square  and  an 
inch  thick  ;  let  these  lines  be  cut  half  an  inch  deep 
with  a  fine  saw,  and  then  fix  it  on  a  three- feet 
stand ;  if  the  lines  are  truly  drawn  and  cut,  this 
rough  instrument  will  serve  until  a  better  one  can 
be  procured. 

CONSTRUCTION. 

The  old  method  in  laying  down  a  traverse  was 
by  drawing  a  parallel  line,  and  removing  the  pro- 
tractor at  every  draft.  The  evils  of  this  practice 
are  too  glaring  to  require  remark. 

Fix  your  protractor,  and  lay  off  as  many  drafts 
as  will  come  within  the  convenient  range  of  your 
parallel  ruler  ;  number  them  in  order  as  they  stand 
in  your  dialling  book ;  remove  the  protractor,  and 
lay  off  the  first  draft  from  the  centre  direct  ;  then 
apply  the  protractor  to  the  centre  and  No.  2,  and 
make  the  parallel  movement  until  you  touch  the 
end  of  the  last  line,  or  No.  1,  and  then  draw  and 
point  off  the  length  of  No.  2,  and  so  on  through 
all  the  drafts  you  have  pointed  off  from  the  pro- 
tractor. 

The  advantages  of  laying  down  or  pointing  off  a 
number  of  drafts  at  one  fixing  of  the  protractor,  and 
then  applying  them  in  their  true  length  and  position, 
is  most  conspicuous ;  and  the  geometrician  will 
testify  of  its  superiority,  both  as  it  regards  accuracy 
and  expedition. 
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CONVERTING  TABLE. 

Remarks  on  the  following  table  for  converting  the  de- 
grees recorded  in  the  dialling  book  of  an  under- 
ground survey  into  the  bearings. 

All  practical  men  are  aware  of  the  difficulty, 
hazard,  and  delay  that  attend  an  attempt  to 
obtain  the  bearing  of  every  draft  underground,  in 
a  long  and  complicated  survey.  The  best  process 
is  to  record  the  degree,  or  angle  only,  at  which  the 
needle  settles,  and  after  the  work  is  finished  under- 
ground, then  convert  the  various  angles  into  the 
real  bearing  or  true  direction  of  each  draft,  and  we 
may  remark,  that  the  bearings  must  be  obtained  if 
the  work  is  to  be  mathematically  proved.  But  as 
it  is  not  an  easy  matter  to  turn  a  long  course  of 
dialling  into  the  bearings,  with  an  assurance  of 
being  correct,  this  table  has  been  constructed  for 
that  express  purpose  ;  and  its  utility,  simplicity,  and 
perfection  have  been  acknowledged  by  many  prac- 
tical men. 

EXPLANATION. 

All  circumferentors  (dial  or  miner's  compass) 
are  not  graduated  alike.  In  all  cases,  360°  stands 
at  the  north  point,  and  180°  at  the  south  ;  but 
some  are  figured  toward  the  right  hand,  from  the 
north  point  (which  we  call  a  'right-hand  dial'), 
and  others  toward  the  left  hand ;  so  that  a  '  right- 
hand  dial '  has  90°  at  the  east  point,  and  a  '  left- 
hand  dial '  has  90°  at  the  west  point.  This  diver- 
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sity  of  graduation  has  often  caused  much  perplexity 
and  confusion  among  diallers.  The  following 
table  is  contrived  to  suit  both  sorts  of  instru- 
ments, and  is  so  plainly  arranged  and  marked  as 
to  require  but  little  explanation.  It  must  be 
specially  regarded,  that  the  table  has  been  con- 
structed  upon  the  consideration  that  the  eye  of  the 
surveyor  has  been  applied  to  the  south  sight  or 
vane  standing  against  180°;  this  must  be  inva- 
riably the  case.  Hence  the  north  sight  must 
always  take  the  lead,  and  the  young  practitioner 
may  here  be  told  that  in  dialling  a  level  and  making 
double,  or  fore  and  back  drafts,  at  every  station, 
that  although  his  eye  must  be  placed  at  the  north 
sight,  necessarily,  for  the  back  observation,  yet  as 
the  dial  has  not  been  turned,  the  needle  will  stand 
to  the  true  degree  for  the  record,  and  no  confusion 
or  liability  to  error  can  occur. 

In  converting  an  underground  survey,  or  any 
other,  from  angles  into  bearings,  it  is  obviously  our 
first  object  to  know  the  graduation  of  the  instru- 
ment by  which  the  work  has  been  performed  ;  and 
if  it  has  been  a  'right-hand  dial,'  and  the  first 
draft  was  167°,  the  bearing  would  be  13°  west  of 
south,  but  if  it  was  done  by  a  '  left-hand  dial '  the 
bearing  would  be  13°  east  of  south.  The  only 
thing  where  a  liability  to  error  at  all  exists  in  ob- 
taining the  bearings  by  inspection  from  this  table, 
and  where  caution  is  required,  is  in  applying  the 
fractions  of  degrees  when  they  occur  in  the  drafts. 
On  these  occasions,  observe  that  when  the  angle  and 
bearing  progress  alike,  as  in  all  the  left-hand  side 
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of  the  column,  then  the  fraction  must  be  added  to 
the  whole  number  of  the  bearing,  but  otherwise,  as 
in  the  right-hand  side,  the  fraction  must  be  deducted 
from  the  whole  number.  Lastly,  the  following 
desirable  proof  may  be  resorted  to  : — If  the  course 
has  been  correctly  converted,  the  degree  and 
bearing  added  together  or  subtracted  from  each 
other  will  make  one  of  the  following  numbers  : — 0, 
90,  180,  270,  360 ;  and  this  may  be  done  almost 
at  a  glance  after  the  survey  has  been  converted  into 
bearings. 


TABLE 

FOR   CONVERTING    ANGLES   INTO   BEARINGS. 


Rt.Hd.  Dial  W.  of  N.  Rt.  Hd.  Dial  K  ofW. 
Lt.  Hd.  DialE.  of  N.  Lt.  Hd.  Dial  N.  of  E. 

Rt.  Hd.  DialS.  of  W. 
Lt.  Hd.  DialS.  of  E. 

Rt.Hd.DialW.ofS. 
Lt.  Hd.  Dial  E.  of  S. 

Angle   Bearing 

Angle   Bearing 

Angle   Bearing 

Angle   Bearing 

1  is    1 

46  is   44 

91  is   1 

136  is   44 

2      2 

47     43 

92     2 

137    43 

3      3 

48     42 

93     3 

138    42 

4      4 

49     41 

94     4 

139    41 

5      5 

50     40 

95     5 

140    40 

6      6 

51     39 

96     6 

141    39 

7      7 

52     38 

97     7 

142    38 

8      8 

53     37 

98     8 

143    37 

9      9 

54     36 

99     9 

144    36 

10     10 

55     35 

100    10 

145    35 

11     11 

56     34 

101     11 

146    34 

12     12 

57     33 

102    12 

147    33 

13      13 

58     32 

103     13 

148    32 

14     14 

59     31 

104    14 

149    31 

15     15 

60     30 

105     15 

150     30 

16      16 

61     29 

106     16 

151    29 

17      17 

62     28 

107     17 

152    28 

18     18 

63     27 

108    18 

153    27 

19     19 

64     26 

109     19 

154    26 

20     20 

65     25 

110    20 

155    25 

21      21 

66     24 

111    21 

156    24 

22     22 

67     23 

112     22 

157    23 

23     23 

68     22 

113    23 

158     22 

24     24 

69     21 

114    24 

159    21 

25     25 

70     20 

115    25 

160    20 

26     26 

71      19 

116    26 

161     19 

27     27 

72     18 

117    27 

162     18 

28     28 

73     17 

118    28 

163    17 

29     29 

74     16 

119    29 

164    16 

30     30 

75     15 

120    30 

165     15 

31     31 

76     14 

121     31 

166     14 

32     32 

77     13 

122     32 

167     13 

33     33 

78      12 

123     33 

168    12 

34     34 

79      11 

124     34 

169    11 

35     35 

80     10 

125     35 

170    10 

36     36 

81      9 

126     36 

171     9 

37     37 

82      8 

127     37 

172     8 

38     38 

83      7 

128     38 

173     7 

39     39 

84      6 

129     39 

174     6 

40     40 

85      5 

130     40 

175     5 

41     41 

86      4 

131     41 

176     4 

42     42 

87      3 

132     42 

177     3 

43     43 

88      2 

133    43 

178     2 

44     44 

89      1 

134    44 

179     1 

45     45 

rR.H.D.W. 
^lLt.H.D.E. 

1  135    45 

180  South 

TABLE 

FOR   CONVERTING   ANGLES   INTO   BEARINGS. 


Rt.  Hd.  Dial  E.  of  S.Rt,  Hd.  Dial  S.  of  E. 
Lt.  Hd.  Dial  W.  of  S.  Lt.  Hd.  Dial  S.  of  W. 

Rt.Hd.DialN.ofE. 
Lt.Hd.DialN.ofW. 

Rt.Hd.DialE.ofN. 
Lt.Hd.DialW.ofN. 

Angle    Bearing 

Angle    Bearing 

Angle    Bearing 

Angle    Bearing 

181  is   1 

226  is  44 

271  is   1 

316  is  44 

182     2 

227     43 

272     2 

317    43 

183     3 

228     42 

273     3 

318    42 

184     4 

229    41 

274     4 

319     41 

185     5 

230    40 

275     5 

320    40 

186     6 

231    39 

276     6 

321    39 

187     7 

232     38 

277     7 

322    38 

188     8 

233     37 

278     8 

323    37 

189     9 

234     36 

279     9 

324    36 

190     10 

235    35 

280    10 

325    35 

191     11 

236    34 

281     11 

326    34 

192     12 

237    33 

282     12 

327    33 

193    13 

238     32 

283     13 

328    32 

194    14 

239    31 

284     14 

329    31 

195     15 

240    30 

285     15 

330    30 

196     16 

241    29 

286    16 

331     29 

197     17 

242    28 

287     17 

332    28 

198     18 

243    27 

288    18 

333    27 

199    19 

244    26 

289    19 

334    26 

200    20 

245    25 

290    20 

335    25 

201    21 

246    24 

291    21 

236    24 

202    22 

247    23 

292    22 

337    23 

203    23 

248    22 

293    23 

338    22 

204    24 

249    21 

294    24 

339    21 

205    25 

250    20 

295    25 

340    20 

206    26 

251     19 

296    26 

341     19 

207    27 

252    18 

297    27 

342    18 

208    28 

253    17 

298    28 

343     17 

209    29 

254    16 

299    29 

344     16 

210    30 

255     15 

300    30 

345     15 

211    31 

256    14 

301     31 

346     14 

212    32 

257    13 

302    32 

347     13 

213    33 

258    12 

303    33 

348    12 

214    34 

259    11 

304     34 

349    11 

215    35 

260    10 

305     35 

350    10 

216    36 

261     9 

306    36 

351     9 

217    37 

262     8 

307    37 

352     8 

218    38 

263     7 

308    38 

353     7 

219    39 

264     6 

309    39 

354     6 

220    40 

265     5 

310    40 

355     5 

221     41 

266     4 

311    41 

356     4 

222     42 

267     3 

312     42 

357     3 

223    43 

268     2 

313    43 

358     2 

224     44 

269     i 

314    44 

359     1 

225     45 

27°{L.H.D.W.  }315     45 

S60  North. 
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APPLICATION  OF  THE  CONVERTING  TABLE. 

Suppose  the  needle  stood  at  2464°  what  is  the 
bearing  ? 

A  f  By  a  right-hand  dial  231°  South  of  E. 

'r  [  By  a  left-hand  dial  23J°  South  of  W. 

It  may  be  remarked  that  the  table  is  equally 
applicable  for  changing  bearings  into  angles  if 
required.  For  example  :  —  An  observation  was 
made  with  a  right-hand  dial,  and  the  bearing  found 
to  be  27°  17'  E.  of  N.  :  at  what  degree  did  the 
needle  point  ? 

Ans.  332°  43',  and  if  proof  is  required  it  will  be 
seen  that  the  sum  of  these  degrees  and  minutes 
is  360°. 


EXAMPLE. 

Convert  the  following  angles  taken  with  a  left-hand 
dial  into  bearings  : — 

305|°     284°     107£°     97J° 


OPERATION. 


210J°  is  30i°  W.  of  S.  210J°-30i°=1800 

176i        3J   E.  of  S.  1764  +   34  =180 

305J  35f   N.  of  W.  305f  -35|  =270 

281  284  E-  of  K  28i  ~28i  =  ° 

107|  174  S.  of  E.  107J  -174  =  90 

97  J  7|  S.  of  E.  97|  -  7 f  =  90 

348  12  W.  ofN.  348  +12  =360 
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EXAMPLE. 

Convert  the  following  angles  taken  with  a  right- 
hand  dial  into  bearings  : — 
9°  45'      239°  25'     331°  12'     160°  58'     45°  6' 

OPERATION.  PROOF. 

9°  45'  is    9°  45'W.ofN.  9°  45'-   9°  45'=     0° 

239  25  30  35    S.  of  E.  239  25+30  35=270 

331  12  28  48   E.  of  N.  331  12-1-28  48=360 

160  58  19  2  W.  ofS.  160  58+19  2=180 

45  6  44  54  W.  ofN.  44  54+45  6=90 

N.B. — In  practice  it  would  not  be  necessary  or 
convenient  to  state  proofs — it  is  introduced  here 
for  the  learner's  sake,  that  he  may  be  enabled  to 
insure  certainty  in  this  essential  matter. 

In  pressing  on  our  young  mining  friends  the 
advantage  of  adopting  a  perfect  system,  we  advise 
that  in  preparing  a  course  of  dialling  for  trigo- 
metrical  solution,  by  changing  the  angles  into 
bearings,  care  should  be  taken  that  all  the  drafts 
should  be  made  either  to  exceed  45°,  or  that  they 
should  all  stand  below,  or  at  least  not  exceed  that 
half  quadrant.  Our  reason  for  being  urgent  on 
this  matter  is,  that  there  may  be  a  uniformity  in 
placing  the  sides  in  the  traverse  table  after  the 
draft  has  been  computed.  And  let  it  be  par- 
ticularly noticed  that,  if  the  bearings  are  not  suf- 
fered to  exceed  45°,  that  the  last  expression  of  the 
bearing  will  signify  the  longer  of  the  two  sides. 
That  is,  suppose  a  draft  taken  underground  was 
287  J°,  measuring  45  feet  8  inches;  now  looking  at 
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the  '  converting  table '  we  see  that,  if  this  draft 
was  taken  with  a  'left-hand  dial,'  the  bearing 
is  17£°  nor  of  west  (or  N.  of  W.),  and  the  two 
sides  will  be  found  by  computation  to  be  13  feet 
7  inches,  and  43  feet  7  inches.  Query,  into  what 
columns  respectively  must  these  numbers  be  placed  ? 
As  the  bearing  was  north  of  west,  and  our  system 
states  that  '  the  last  expression  of  the  bearing 
will  signify  the  longer  of  the  two  sides,'  consequently 
the  longer  side  (43  feet  7  inches)  must  be  placed 
in  the  '  west '  column,  and  13  feet  7  inches  in  the 
north  column. 

If  this  order  is  followed  up,  it  will  render  the 
working  of  traverses  (which  is  the  most  important 
operation  in  mine  surveying)  a  plain,  pleasing,  and 
satisfactory  exercise.  In  this  edition  we  would 
needs  bring  forward  everything  likely  to  promote 
the  advancement  of  the  young  mining  officer  in 
this  paramount  branch  of  his  profession,  and  there- 
fore give  him  to  understand  that,  in  traversing, 
there  must  be  a  regular  course  from  beginning  to 
end. 

We  shall  make  ourselves  understood  in  this 
matter,  by  taking  a  case  where  a  person  makes  a 
survey  for  the  purpose  of  ascertaining  the  length 
and  bearing  of  a  level  driven  on  an  east  and  west 
lode ;  and,  for  some  convenient  purpose,  he  begins 
his  dialling  at  some  point  about  the  middle  of  the 
level,  and  dials  from  thence  to  the  eastern  end ;  he 
then  returns  to  the  station  or  start  at  the  middle  of 
the  level,  and  dials  on  to  the  western  end,  and  thus 
completes  the  survey. 
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Now  if  he  were  to  proceed  to  work  the  traverse 
from  his  dialling  book  in  this  state,  his  results  would 
appear  as  if  his  level  were  almost  without  length  or 
bearing,  as  his  eastings  would  be  balanced  by  his 
westings,  &c. 

In  order  to  go  systematically  to  work  in  this  case, 
his  first  operation  must  be  to  reverse  the  order  of 
one  or  the  other  of  the  diallings ;  that  is,  if  he 
pleases  to  let  the  first  remain,  which  is  the  eastern 
dialling,  and  would  accommodate  the  western  part 
to  suit  the  other,  he  must  alter  or  reverse  all  the 
drafts  by  converting  (say)  16°  south  of  west  into 
16°  north  of  east,  and  so  of  all  the  rest. 

In  winding  up  this  course  of  instruction,  we  will 
take  a  short  survey,  and  go  through  with  it  at 
length,  and  the  student  may  accompany  us  if  he 
pleases ;  for  we  are  still  of  the  same  opinion  as 
when  we  wrote  the  first  volume,  that  practical 
teaching  is  the  best. 

EXAMPLE. 

It  is  required  to  sink  a  vertical  shaft  on  the  end 
of  a  level,  and  the  diallings  from  the  bottom  of  an 
old  downright  shaft  are  as  follows : — 

Surveyed  with  a  '  right-hand1  dial. 

fath.  ft.  in. 
No.  1.  356$°  Length  18     3     0 

2.  84£  12     i     6 

3.  98  15     4     0 

fath.  ft. 

4.  A  Winze  322°  Underlay  25£°,  Inclined  Length   11     2 

5.  107|°  Length.  25     5     6  End. 

This   is   the    underground  work,   and    our    first 
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operation  is  to  find  out  the  underlay  of  the  winze,  in 
order  that  it  may  stand  as  a  common  draft  in  the 
survey. 

OPERATION. 

The  underlay,  or  angle  made  by  the  dip  of  the 
winze  and  a  vertical  line,  being  25J  degrees,  we 
find  it  standing  in  the  first  table  against  2  feet 
7  inches,  showing  that  every  fathom  of  the  winze 
gives  a  base  of  2  feet  7  inches,  and  the  length  of 
the  winze  being  11  fathoms  2  feet,  we  multiply 

ft.  in. 
i)     27 

11-2 


445 
10 

453 

fath.    ft.     in. 
Here  we  find  the  base  of  the  winze  to  be  4     5     3 

The  next  thing  is  to  refer  to  the  converting 
table  to  reduce  the  drafts  into  bearings ;  taking 
special  notice  that  the  work  was  done  with  a  right- 
hand  dial. 

We  therefore  find  that  No,  1.  356  J°  is  3|°E.  of  N. 

2.  841    _    51  N.  of  E. 

3.  98      -    8     S.  ofW. 
Winze  4.  322      -  28     E.  of  N. 

5.  107J    - 17|  S.  of  E. 

Our  work  is  now  prepared  for  entry  in  the 
traverse  table  as  data  for  trigonometrical  computa- 
tion. 
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No.     j         ANGLES  AND  LINES 

TRIGONOMETRICAL  RESULTS 

Draft 

Bearings 

Lengths 

East 

West 

North 

South 

fath.  ft.in. 

1 

3f°E.ofN. 

18  3  0 

2 

5l    N.ofE. 

12   1  6 

3 

8      S.  of  W. 

15  4  0 

4 

28      E.ofN. 

453 

5 

17|    S.  ofE. 

25  5  6 

The  above  is  the  table  with  the  bearings  and 
lengths  of  the  drafts  entered  in  order  for  receiving 
the  trigonometrical  results  in  their  proper  and 
respective  columns,  and  that  everything  may  be  clear 
to  the  learner  we  shall  let  this  table  remain  as  it  is, 
and  make  a  similar  one,  in  which  the  computations 
are  entered,  and  proceed  to  take  out  the  tabular 
numbers  from  the  first  mathematical  table,  and 
multiply  them  by  their  respective  lengths. 


FIRST   DRAFT. 


ft.  in. 
L  3£°  Tabular  0  4-7 


ft.  in. 
Tabular  5  11 -85 


2  2-2 
3 

6  6-6 
2-3 

6  8-9  Easting. 


35  11-10 
3 

107     9^30 
2  11-92 

110     9-2  Northing. 


Now  the  sides  of  the  triangle  formed  by  the  first 
draft  are  ready  to  be  transferred  to  the  east  and 
north  columns  of  the  traverse  table. 
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SECOND    DRAFT. 
ft.    in.  ft.  in. 

L  5£°  Tabular  0     6-9  Tabular    511-67 

12* 

6  10-8 

1-7 


7     0-5  Northing.  73     7'3  Easting. 

When  the  bearing  does  not  diverge  much  from 
the  cardinal  point,  there  is  but  little  difference 
between  the  length  of  the  hypothenuse  and  the 
longest  of  the  legs,  as  in  the  right-hand  sides  of  the 
above  two  drafts. 

THIRD    DRAFT. 

ft.  in.  ft.  in. 

L  8°  Tabular  0  10-02  Tabular  5  11-8 

8  8 

6     8-16  47     6-4 

2  2 


13    4-32  95     0-8 

3-31  1  11-8 

13     1-0  93     1-0  Westing. 

The  length  of  the  draft  being  15  fathoms  4  feet, 

we  have  multiplied  by  16,  and  deducted  j  as  the 
shortest  method. 

FOURTH    DRAFT,    OR   BASE  OF   WINZE. 

ft.  in.       in.  ft.  in.         in. 

/  28°  Tabular  2  9-8  or  31-8  Tabular  5  3-6  or  63'6 

5  5 

169-0  318-0 

4-2  7-9 

12)164-8^  12)310-1 

"ifrfrS  Easting,  25-1Q-1  Northing. 
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In  the  above,  it  will  be  seen  that  we  have  thrown 
the  tabular  length  into  inches  and  parts,  and  the 
practitioner  will  find  this,  in  general,  the  easiest 
way  of  calculating. 

FIFTH   DRAFT. 

ft.  in          in.  ft.  in.         in. 

Zl7f°  Tabular  1  1OO  or  22'0  Tabular  5  8-6  or  68'6 
26  26 

132  411-6 

44  1372 


572-0 
1-8 

12)570-2 

47-6-2  Southing. 


1783-6 
5-7 

12)1777-9 
148-1-9 


Now  the  computations  are  ready  for  entry  in  the 
following  table : — 


No. 

ANGLES  AND  LINES 

TRIGONOMETRICAL  RESULTS 

Draft 

Bearings 

Lengths 

East 

West 

North 

South 

1 
2 
3 
4 
5 

3|°  E.  of  N. 
5}    N.ofE. 
8      S.  of  W. 
28      E.ofN. 
17|    S.  ofE. 

fath.ft.in. 
18  3  0 
12  1  6 
15  4  0 
453 
25  5  6 

ft.  in. 
6  8-9 
73  7-3 
- 
13  8-8 
148  1-9 

ft.  in. 
93  1-0 

ft.  in. 
110    9-2 
7    0-5 

25  10-1 

ft.  in. 

13  1-0 
47  6-2 

242  2-9 
93  1-0 

93  1-0 
Easting. 

143    7-8 
60    7.2 

60  7-2 
Northing 

149  1-9 

83    0-6 

Now  we  might  proceed  to  lay  down  the  position 
or  place  of  our  new  vertical  shaft  at  the  surface 
without  any  further  operation.  For  by  measuring 
off  from  the  centre  of  the  old  shaft  at  surface  149 
feet  2  inches,  due  east,  and  from  the  end  of  that 
line  measuring  83  feet,  due  north,  would  bring  us 
exactly  over  the  end  of  the  fifth  or  last  draft,  where 
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the  shaft  is  to  come  down,  but  we  would  work  out 
the  direct  length  and  bearing  also,  as  before  de- 
scribed, and  apply  it. 


PROBLEM. 

At  the  celebrated  South  Caradon  Copper  Mine 
a  new  vertical  shaft  was  commenced  in  the  early 
part  of  1842,  which  is  intended  to  intersect  the  main 
lode  at  the  depth  of  100  fathoms  below  the  adit 
level,  which  is  about  40  fathoms  from  surface  in  the 
vicinity  of  the  new  shaft.  From  a  point  in  this 
level,  a  drift  or  cross-cut  has  been  begun,  and 
designed  to  be  driven  in  a  direct  line  to  the  centre 
of  the  new  shaft,  and  from  thence  to  rise  against  it, 
if  necessary  :  and  the  aim  and  object  of  the  survey 
is  to  ascertain  the  exact  length  and  bearing  of  the 
said  cross-cut,  as  every  proper  means  have  been 
adopted  to  certify  that  it  has  been  commenced  at 
the  nearest  point  to  the  shaft. 

The  following  is  the  whole  course  of  dialling  in 
its  most  simplified  form,  with  the  irregular  surface 
lines  reduced  to  horizontal  measure,  the  angle  of 
every  draft  converted  into  bearing,  and  the  whole 
given  in  complete  order  for  working  the  traverse 
without  any  preliminary  preparation.  The  draft 
standing  on  the  top  of  934  feet  is  from  the  centre 
of  the  new  shaft  at  surface  to  a  line  hung  in  the 
old  engine  shaft,  which  is  also  vertical  to  the  adit, 
and  the  next  draft  is  taken  from  that  line  in  the 
adit  and  continued  to  the  end  of  the  34th  draft, 
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through  the  same  level,  where  the  cross-cut  com- 
mences. 

It  is  also  required  to  furnish  the  bearing  of  the 
lode  from  the  3rd  to  the  34th  draft  inclusive. 


REMARKS. 

As  this  course  of  dialling  has  been  rendered  so 
plain,  there  appears  to  be  no  occasion  to  introduce  a 
double  entry  of  it,  as  the  field  and  underground 
work  is  sufficiently  manifest  in  the  first  three 
columns  of  the  following  table,  in  combination  with 
the  trigonometrical  operation.  It  may  be  satisfac- 
tory to  the  student  to  be  informed  that  this  work 
has  been  accomplished  and  proved  to  be  perfectly 
correct.  The  cross-cut  was  driven  ah1  the  way  (50 
fathoms)  through  a  hard  granite  country,  at  nearly 
1000Z.  cost,  and  occupied  full  two  years  of  uninter- 
rupted labour. 
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COMPUTATION. 


No.                  AXGLES  AXD  LINES                           TRIGONOMETRICAL  EBSULTS 

Drafts 

Bearings 

Lengths  |      East 

West 

North 

South 

From  new  Shaft  to 

Engine  Shaft. 

ft.    in. 

ft.    in. 

ft.    in. 

ft,     in. 

ft.     in. 

14°  18'  S.  of  W. 

934     0 

. 

905  0-7 

. 

230     8-3 

1 

13f  S.  ofE. 

30     0 

29  0-7 

- 

- 

7     1-6 

2 

4f  E.  ofS. 

30     6 

2  6-3 

. 

- 

30     4-8 

On  course  of  lode. 

3 

5£  S.  of  E. 

28     6 

28     4-5 

- 

- 

2     8-8 

4 

4    N.  ofE. 

42     6' 

QA         Q 

42     4-7 

- 

2  11-6 

8     5*4 

5 
6 

16    S.  of  E. 
2£      do. 

oU      o 

32     0 

31   11-7 

. 

. 

1    4-7 

7 

18i      do. 

29     2 

10            f\ 

27     8-9 

-      •" 

-      - 

9     1-6 
1     4'0 

9 

4-|-      cio. 
3£  N.  of  E. 

lo      U 
36     0 

35  10-2 

. 

2    2-4 

10 

13    S.  ofE. 

17     0 

16     6-8 

. 

. 

3     9-9 

11 

19f      do. 

26     6 

24  11-2 

. 

. 

8  11-4 

12 

14        do. 

22     7    j  21  11-0 

. 

. 

5     5-6 

13 

15        do. 

36     3      35     O'l 

- 

- 

9     4-6 

14 

1       do. 

46     6 

46     5-9 

- 

- 

0     9-8 

15 

17    N.  ofE. 

41     3 

39     5-4 

- 

12    0-7 

16 

4        do. 

11     2 

11    17 

- 

0    9-3 

17 

2U      do. 

12     8 

11     9'4 

- 

4     7-7 

18 

1        do. 

27     0 

27    0-0 

. 

0     5-7 

19 

2        do. 

38     8 

38     7-7 

. 

1     4-2 

20 

1    S.  ofE. 

18     0 

18     0-0 

. 

. 

0     3-8 

21 

20        do. 

12     6 

11     8-9 

. 

. 

4     3-4 

22 

7        do. 

11     6 

11     5-0 

- 

- 

I     4-8 

23 

1        do. 

25     8 

25     8-0 

- 

- 

0     5-3 

24 

4    N.  ofE. 

31     6 

31     6-1 

- 

2     2-3 

25 

13    S.  of  E. 

34     6 

33     7-4 

- 

- 

7     9-1 

26 

1    N.  ofE. 

18     8 

18     8-0 

- 

0     3-9 

27 

5        do. 

28     0 

27  10-7 

. 

2     5-3 

28 

8    S.  ofE. 

65     0 

64     4-4 

. 

. 

9     0-6 

29 

2        do. 

36     6 

36     0-4 

- 

- 

1     3-3 

30 

5        do. 

18     0 

17  H-2 

- 

- 

1     6-8 

31 

6A  N.  of  E. 

24     8 

24     6-0 

- 

2     9-5 

32 

1        do. 

12     3 

12     3-0 

. 

0     2-6 

33 

18        do. 

29     6 

28     0-7 

. 

9     1-4 

34 

12        do. 

20     1 

19     7'8 

-      - 

4     2-1 

899     6-1 

905  0-7 

45     8-7 

345     9-6 

899  6-1 

45     87 

Westing 

5  4-6 

Southing 

300     1-9 
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Then  by  the  foregoing  method  of  proceeding,  the 
required  answers  will  be  found  as  follows  :  — 

Length  of  cross-cut  from  adit  to  centre  of  shaft, 
300  feet  2  inches. 

Bearing  of  cross-cut  1°  2'  west  of  north. 

Bearing  of  lode  from  3rd  to  34th  draft,  inclu- 
sive, 2J°  south  of  east. 


PROBLEM. 

A  lode  was  opened  on  the  back  by  costeening  in 
several  places,  and  its  course,  by  compass,  found  to 
be  10J°  south  of  east  ;  but  this  was  on  the  ascent 
of  a  steep  hill  whose  angle  of  elevation  was  16J°, 
and  the  lode  underlaying  northerly  three  feet  in  a 
perpendicular  fathom. 

Query.  What  is  the  true  bearing  or  course  of 
the  lode?  and  what  would  be  the  amount  of  error 
in  carrying  on  the  line  600  fathoms  (horizontal 
measure),  supposing  the  run  of  the  back  of  the  lode 
on  the  ascent  had  been  taken,  by  mistake,  instead 
of  the  true  horizontal  course  ? 

OPERATION. 

We  find  in  the  first  table  that  16J°  of  elevation 
gives  1  ft.  845  in.  perpendicular,  and  5  ft.  9*04  in. 
base  for  the  corresponding  sides  of  the  triangle. 

ft.  ft.  ft.  in. 

Hence  If  6  perp.  gives  3  underlay,  what  will  1     8*45  give  ? 
_12  _12  12  _ 

72  36  20-45 

36 

72)736-20(10-2 
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Showing  that  the  underlay  of  the  lode  carries  the 
line  101  inches  further  north  than  the  line  taken  at 
the  surface  (or  bearing)  on  every  horizontal  line  of 
5  ft.  9-04  in.  Therefore  we  have  the  two  sides  of  a 
right-angled  triangle  5  ft.  9-04  in.  and  10-2  in.,  and 
the  angle  opposite  the  shortest  side  will  be  the 
amount  of  the  angle  of  error. 


ft.       in. 

in. 

ft. 

As  5     9-04     : 

10-2 

::    6 

12 

12 

69-04 

72 

10-2  in. 

69-04)7  34-4(10-63 

By  inspection  of  the  2nd  table  we  find  the  nearest 
next  less  angle  standing  opposite  this  number 
(10-63  in.)  is  8°  15',  giving  10-44  in. ;  and  as  the 
difference  between  this  and  the  next  greater  (8^) 
is  '32,  and  the  difference  between  10-63  in.  and 
10 -44  in.  is  -19,  we  say, 

As  -32  is  to  -19,  so  is  15' =  9'. 

And  9  added  to  8°  15'  gives  8°  24'  for  the  angle  of 
error ;  and  by  deducting  this  angle  of  error  (if  it 
may  be  so  called)  from  the  course  of  the  lode  on 
the  inclined  surface  (10J  south  of  east),  we  have 
2°  6'  south  of  east  for  the  true  bearing  of  the  lode ; 
and  as  the  error  is  10*64  in.  in  a  horizontal  fathom, 
this  number  multiplied  by  600  gives  6384-00  inches, 
or  88f  fathoms,  too  far  south,  on  a  line  of  600 
fathoms. 

N  2 
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REMARKS. 

We  beg  to  call  the  particular  attention  of  our 
young  mine  agents  to  this  case.  The  vast  sums 
of  money  expended  every  year  in  this  country 
in  costeening  or  right-angle  open  cuttings  at  the 
surface  in  searching  for  lodes,  is  well  known  to 
practical  men  ;  and  probably  there  is  no  branch 
of  mining  in  which  there  is  a  greater  waste  of 
time  and  money.  Workmen  are  often  put  to  co- 
steen  at  random,  when  a  scientific  survey  might 
have  put  them  in  a  position  for  opening  the  lode 
in  a  few  hours  which  has  occupied  them  for  weeks 
or  months,  and  at  the  last  all  their  labours  fraught 
with  doubt  and  uncertainty ;  but  these  are  not  the 
worst  consequences  arising  from  ignorance  or  in- 
attention to  this  subject.  I  know  a  rich  mine  in 
this  county,  where  the  angle  of  ascent  was  made  in 
error,  and  carried  on  to  find  the  lode  in  the  ad- 
joining set,  and  the  effect  was,  that  they  pitched 
to  cut  the  lode  in  a  new  set  nearly  200  fathoms 
out  of  the  line  ;  and  they  have  been  driving  now 
nearly  five  years  through  a  hard  country  at  a  cost 
of  some  thousands  of  pounds,  and  have  not  yet 
cut  the  lode !  Volumes  might-  be  written  on  the 
errors  that  have  taken  place  from  this  source ;  and 
probably  there  is  not  a  man  of  experience  to  be 
found  but  what  can  confirm  the  report  with  his 
testimony. 

PROBLEM. 

In  a  20  fathom  level  driving  on  an  east  and 
west  lode,  underlaying  north,  a  winze  has  been 
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commenced  bearing  due  north,  and  it  is  determined 
to  pitch  a  rise  against  it  in  the  40  fathom  level 
(the  30  fathom  level  not  having  been  driven  far 
enough  east  to  rise  from).  The  following  is  a  state- 
ment of  the  dialling  from  the  middle  of  the  above 
winze,  in  the  20,  through  the  level  west  towards 
another  winze  sunk  to  the  30  fathom  level : — 


No.  ft.    in. 

1  2824°       59  10 

2  286*        61     8 


No.  ft.     in. 

3  264J0       33    4 

4  2604-°       77     3 


This  brings  us  to  the  brace  of  the  winze  com- 
municating with  the  30  fathom  level,  which  we  may 
call  No.  5, — its  diagonal  length,  65  feet ;  under- 
lay, 22|  degrees  ;  bearing,  9£0  east  of  north.  From 
the  foot  of  this  winze  in  the  30,  the  dialling  is  con- 
tinued westerly  to  another  winze  communicating 
with  the  40  fathom  level ;  viz. : — 

No.  ft.     in. 

6  272i°      60     9 

7  256°~        52     0 

8  287J°       45     8 

We  now  arrive  at  the  brace  of  the  winze  to  the  40, 
which  we  call  No.  9, — length,  70  ft.  6  in. ;  under- 
lay, 314° ;  bearing,  4°  west  of  north.  From  the  bot- 
tom of  this  winze  in  the  40,  the  course  turns  easterly, 
and  is  continued  in  that  direction ;  viz. : — 


No. 

ft. 

in. 

No. 

ft. 

in. 

10 

83° 

85 

4 

13 

90° 

77 

6 

11 

77° 

28 

5 

14 

924° 

23 

8 

12 

1  O/l  1  ° 

76 

0 

15 

99° 

107 

2 
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At  the  end  of  this  15th  draft  we  place  an  assumed 
mark  in  the  back  of  the  40  fathom  level. 

Question.  It  is  requested  to  know  how  far  we 
must  measure  east  or  west  from  this  mark  in  order 
to  arrive  at  the  exact  point  for  rising  against  the 
winze  sinking  from  the  20  fathom  level  ?  also  what 
will  be  the  average  underlay  at  that  place,  and 
what  will  be  the  length  of  the  winze  from  the  20 
to  the  40  fathom  level  ? 

COMPUTATION. 
(SURVEYED  WITH  A  LEFT-HAND  DIAL.) 


No. 

ANGLES  AND  LINES 

TRIGONOMETRICAL  RESULTS 

Draft 

Degree 

Bearing 

Length 

East 

West 

North 

South 

ft.  in. 

ft.    in. 

ft.     in. 

ft.   in 

ft.  in. 

1 

282^ 

12^°  N.  of  W. 

59  10 

- 

58     6 

12    8 

2 

286 

16     N.  ofW. 

61     8 

. 

59     3 

17    0 

3 

264£ 

5*   S.  of  W. 

33     4 

. 

33     2 

3  2 

4 

"2604 

9|   S.  of  W. 

77     3 

. 

76     2 

. 

13  1 

5 

Winze 

9£   E.  ofN. 

24  10 

4    0 

. 

24    6 

6 

272£ 

2£   N.  of  W. 

60     9 

. 

60     8 

2    8 

7 

256 

14     S.  of  W. 

52     0 

. 

50     6 

. 

12  7 

8 

287— 

17i   N.  ofW. 

45     8 

. 

43     7 

13    7 

9 

Winze 

4     W.  of  N. 

36  10 

. 

2     7 

36    9 

10 

83 

7      N.  of  E. 

85     4 

84    8 

10   4 

11 

77 

13     N.  ofE. 

28-   5 

27    8 

_ 

6    5 

12 

104£ 

14£    S.  of  E. 

76     0 

73    8 

. 

18  9 

13 

90 

East 

77     6 

77    6 

14 

924 

2£   S.  ofE. 

23     8 

23    8 

. 

. 

1  0 

15 

99' 

9     S.  of  E. 

107    2 

10510 

- 

-      - 

16  9 

397    0 

384     5 

12311 

65  4 

384    5 

65    4 

Easting 

12    7 

Northing 

58    7 

Now,  we  discover  by  the  foregoing  calculation 
that  our  assumed  mark  in  the  40  fathom  level  is 
12  feet  7  inches  too  far  east  for  the  central  point  of 
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the  rise  against  the  winze  sinking  from  the  20,  and 
which  was  the  paramount  object  required. 

NOTE. — As  the  last  draft  (reversed)  is  9°  N.  of  W.,  in  order 
to  be  quite  accurate  it  will  require  us  to  measure  12  feet  9 
inches  back  through  the  level  to  make  good  12  feet  7  inches 
westing,  and  this  will  give  1  foot  10  inches  more  of  base  or 
northing,  which  added  to  58  feet  7  inches,  the  underlay  shown 
by  the  column  of  northing,  will  give  the  answer  to  the  question, 
60  feet  5  inches  for  the  whole  underlay. 

The  first  operation  in  working  this  problem  is  to 
find  the  base  and  perpendicular  of  the  two  winzes 
numbers  5  and  9,  and  their  respective  bases  form 
the  operative  lines  in  the  above  traverse. 

ft.  in.  ft.  in. 

Winze  No,  5  gave  24  10  base,  and  60  1  perpendicular. 
Winze  No.  9  gave  36  10  base,  and  60  1  perpendicular. 
Now    the    vertical    depth    being    120  2,  and  the   base  or 
northing  60  feet  5  inches,  we  have  thus  the   two  sides  of  a 
right-angled  triangle  to  find  the  hypothenuse  and  dip  or  angle  of 
declination,  which  on  trial  will  be  found — 

Hypothenuse,  or  length  of  winze,  134  feet. 
Angle,  or  underlay  of  winze,  26£  degrees. 

PROBLEM. 

A  tunnel  has  been  commenced  at  the  foot  of  a 
hill,  and  is  intended  to  be  driven  through  it. 

The  bearing  from  the  above  point,  or  the  course 
of  the  tunnel,  is  to  be  due  east,  and  it  is  required 
to  know  the  exact  corresponding  point  on  the  other 
side  of  the  hill,  in  order  to  set  another  company  of 
men  to  drive  a  dead  level  to  meet  the  drivings  that 
are  progressing  from  the  west  side. 

The  length  of  the  tunnel  is  also  required. 
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The    following    is  the   survey    from    the    first 

point : — 

ft. 

No.    1      Elevation    14°    Length    26 

2  12J       —        26 

3  —          11         —        17 

4  _          18J       —        90 

5  10         —        60 

6  74      —      119 

7  Horizontal    0         —        29 

8  Depression    5|       —        28 

16         —      230 


Judging  that  we  have  now  arrived  somewhere 
near  the  level  or  horizontal  plane  of  the  start,  or 
that  our  '  depressions '  have  made  good  our  *  ele- 
vations,' we  place  an  assumed  mark  at  the  end  of 
the  last  or  9th  draft,  and  retire  to  work  out  our 
lines  and  angles  by  trigonometry. 

OPERATION. 

PERP.  BASE. 

fath.  ft.  ft.  in.         ft  in. 

No.  1  Elevation  14°  Length  4  2  Tabulars  1     5-4       5     9'9 


5  9-6     23    3-6 
5-8       1  11-3 

6  3-4'  25     2:9 


Thus  we  find  the  1st  draft  gives  a  rise  or  eleva- 
tion of  6  feet  3*4  inches,  and  base  or  horizontal 
length  25  feet  2' 9  inches  ;  and  proceeding  in  the 
same  manner  with  all  the  drafts,  and  finding  the 
difference  between  the  elevations  and  depressions, 
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we  shall  obtain  true  data  for  correcting  our  assumed 
mark,  and  replacing  it  in  its  proper  position. 

Elevation  Horizontal 

ft.       in.  ft.        in. 

No.  1       gives       6     34     and     25     2'9 

2  5     6-2  25     4-9 

3  3     2-9  16     8-3 

4  28     6-0  85     4-0 

5  10     5-0  59     0-1 

6  14     8-5  118     1-0 


68     8-0 
7  29     0-0 

Depression 

§       gives       2     8-2  27  10'5 

9  63     3-8  220     3-0 


66     00  606  10-7 


Now  as  the  depressions  are  2  feet  8  inches  less 
than  the  elevations,  it  demonstrates  that  our  as- 
sumed mark  is  2  feet  8  inches  too  high,  and  as  the 
declination  of  the  ground  from  the  last  draft  east- 
ward continues  on  the  same  angle  of  depression  of 
16  degrees,  we  have  perpendicular  2  feet  8  inches 
and  angle  16°  to  find  the  corresponding  hypothe- 
nuse  and  base  ;  and  by  inspection  of  the  2nd  table 
we  see  that  the  4  tabulars '  opposite  16°  are  1  foot 
8-6  inches,  and  6  feet  2-9  inches  hypothenuse 

Therefore,  if  1  foot  8'6  inches  give  6  feet  2*9 
inches,  what  will  2  feet  8  inches  give  ? 

Which  will  be  found  to  give  9  feet  8  inches  of 
hypothenuse. 

And  by  the  1st  table  it  will  be  found  that  9  feet 
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8  inches  of  hypothenuse  on  an  angle  of  16°  will 
give  for  the  longest  side,  or  base,  9  feet  4  inches. 

ADJUSTMENT. 

By  removing  the  assumed  mark  9  feet  8  inches, 
due  east  on  the  slope,  we  fix  on  the  exact  spot  for 
commencing  the  eastern  end  of  the  tunnel,  and  we 
need  hardly  observe,  that  the  two  extreme  marks 
mean  the  bottom  or  floor  of  the  tunnel. 

Then  by  adding  the  base,  9  feet  4  inches,  made 
by  the  corrections,  to  the  sum  of  the  horizontals, 
606  feet  10-7  inches,  we  have  just  616  feet  3  inches 
for  the  length  of  the  tunnel. 

NOTE. — Should  it  be  required  to  put  down  vertical  shafts  on 
the  tunnel,  the  foregoing  computations  reveal  what  their  depths 
would  be  respectively  at  all  parts  of  the  tunnel,  and  the  deepest 
shaft  would  be  1 1  fathoms  2  feet  8  inches  at  the  end  of  the  6th 
draft,  and  55  fathoms  from  the  western  mouth  of  the  tunnel. 

PEOBLEM. 

It  is  intended  to  sink  a  shaft  on  the  end  of  a 
level  driven  from  Pendarves'  shaft,  and  the  follow- 
ing is  the  survey  from  the  centre  of  Pendarves' 
shaft  to  the  end  of  the  level,  viz  : — 


No. 
1     3° 
2    71 
3     8j 
4 
5  12 

W.  of  K 
N.  of  E. 
N.  of  E. 
East 
S.  of  E. 

ft. 
45 
24 
18 
49 
30 

in. 

0 
6 
0 
1 
0 

No 
6 
7 
8 
9 
10 

15 
5 

¥ 

S. 
S. 

N. 
N. 
W 

of  E. 

of  E. 
of  E. 
of  E. 

.  of  N. 

ft. 
27 
16 
21 
14 
28 

in. 

0 
5 
0 

7 
0 

As  profound  accuracy  is  required  in  this  case 
(it  being  intended  to  facilitate  the  work  by  rising 


TRAVERSE   DIALLING. 


187 


against  the  new  shaft  from  the  end  of  the  level),  a 
reverse  or  proof  course  of  dialling  -has  been  made 
from  the  end  back  to  the  centre  of  Pendarves' 
shaft ;  viz. : — 

ft.     in.      No.  ft.     in. 

26  10     6  li°  S.  of  W.  44  0 

7  7     S.  of  W.  26  0 

8  9|  S.  of  W.  22  8 

9  24-  E.  of  S.  43  10 


No. 

1  84 

2  11 

3  4| 

4  13 
5 


E.  of  S. 
S.  of  W. 
S.  of  W. 
K  of  W. 


15 

19 
20 


JST.  of  W.  52 


It  is  now  required  to  know  if  there  is  an  exact 
agreement  between  these  two  surveys,  or  fore  and 
back  diallings  (or  what  is  the  difference  between 
them),  and  if  so,  what  is  the  length  and  bearing 
from  the  centre  of  Pendarves'  shaft,  at  the*  surface, 
to  the  point  exactly  over  the  end  of  the  level  where 
the  centre  of  the  new  shaft  must  be  fixed  ? 

OPERATION. 

FROM  PENDARVES'  SHAFT  TO  EASTERN  END. 


No. 

ANGLES  AND  LINES 

TRIGONOMETRICAL  RESULTS 

Drafts 

Bearings 

Lengths 

East 

West 

North 

South 

ft.     in. 

ft.     in. 

ft.     in. 

ft.     in. 

ft.     in. 

1 

3°  W.  ofN. 

45     0 

- 

2     4-2 

44  11-2 

2 

7i  N.  of  E. 

24     6 

24     3-7 

. 

3     1-1 

3 

8£  N.  of  E. 

18     0 

17     9-6 

. 

2     7-9 

4 

East 

49     1 

49     1-0 

5 

12    S.  ofE. 

30     0 

29     4-1 

- 

. 

6     2-8 

6 

6|  S.  of  E. 

27     0 

26     9-8 

- 

. 

3     2-1 

7 

15    S.  of  E. 

16     5 

15  10-3 

- 

- 

4    3-0 

8 

5    N.  of  E. 

21     0 

20  11-0 

- 

1  10-0 

9 
10 

12|N.  ofE. 
9    W.  of  N. 

14     7 
28     0 

14     3-0 

4    4-6 

3     1-1 
27     7-9 

198    4-5 

6     8-8 

83     3-2 

13     7-9 

6     8-8 

13     7'9 

Easting 

191     7'7 

Northing 

69     7'3 
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PROM  EASTERN   END  TO   PENDARVES'   SHAFT. 


No. 

ANGLES  AND  LINES 

TRIGONOMETRICAL  RESULTS 

Drafts 

Bearings 

Lengths 

Bast 

West 

North 

South 

ft.     in. 

ft.    in. 

ft.     in. 

ft.    in. 

ft.     in. 

1 

2 

8£°  S.  of  E. 
11      S.  ofW. 

26  10 
15     0 

3  11  6 

14     8-7 

; 

26     6-5 
2  10-3 

3 

4$    S.  ofW. 

19     6 

19     5-2 

. 

1     7'4 

4 

131    N.ofW. 

20     0 

19     5-6 

4     70 

5 

9}    N.ofW. 

52     3 

51     6-5 

8    75 

6 

1}   S.  of  W. 

44     0 

43  11-9 

. 

0  11-5 

7 

7     S.  of  W. 

26     0 

25    9-7 

. 

3     2-0 

8 
9 

9J   S.  ofW. 
2}   KofS. 

22     8 
43  10 

1     8-6 

22     4-1 

. 

3  10-1 
43     9-6 

5    8-2 

197     3-7 

13     2-5 

82     9-4 

5     8-2 

13     2-5 

Westing 

191     7-5 

Southing 

69     6-9 

Now  we  find  that  as  the  westing  and  southing  of 
the  back  dialling  corresponds  with  the  easting  and 
northing  of  the  direct  dialling  to  the  fraction  of  an 
inch,  it  amounts  to  a  mathematical  demonstration 
of  the  perfection  of  the  underground  survey.  It 
now  only  remains  for  us  to  obtain  the  hypothenuse 
and  angle  opposite  the  base  of  the  two  given  sides 
of  the  triangle  formed  by  the  easting  191  feet  7J 
inches,  and  northing  69  feet  7  inches,  which  will  be 
found  to  give — 

Length  (from  centre  of  Pendarves'  shaft  to  point 
over  end),  203  feet  11J  inches. 
Bearing  20  degrees  north  of  east. 

N.B. — After  this  length  and  bearing  has  been 
applied  at  the  surface,  and  the  point  fixed  for  the 
centre  of  the  new  shaft,  an  infallible  and  desirable 
proof  that  this  last  and  important  work  has  been 
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done  correctly  may  be  obtained  by  availing  our- 
selves of  the  ready  means  placed  within  our  reach 
by  the  cardinal  points  or  sides  of  the  great  triangle. 
Thus,  by  measuring  off  from  the  centre  of  Pen- 
darves'  shaft  191  feet  7f  inches  due  east,  and  then 
from  the  end  of  that  line  69  feet  7  inches  due 
north,  the  end  will  fall  exactly  on  the  point  fixed 
at  the  end  of  the  line  203  feet  11 J  inches  on  the 
bearing  of  20  degrees  north  of  east,  if  the  whole 
has  been  done  correctly. 
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PERSONS  who  have  not  had  practical  experience  in 
mining  often  acknowledge  that  they  find  great  diffi- 
culty in  comprehending  the  plans  and  sections  of  a 
mine,  or  of  having  a  true  idea  of  the  workings  from 
an  inspection  of  the  drawings.  This  obscurity 
may  be  occasioned  from  an  imperfection  in  the 
plans ;  for  if  they  have  been  executed  under  a  good 
system,  it  can  hardly  fail  to  exhibit  clearly  every 
part  of  the  workings,  and,  indeed,  if  the  diagrams 
have  not  been  executed  perfectly,  and  according  to 
rule  and  order,  even  miners  themselves  cannot 
comprehend  them.  It  requires  four  distinct  ma- 
thematical or  geometrical  drawings  to  represent  a 
mine,  which  we  will  briefly  notice  under  each 
head ;  and  we  may  observe,  as  we  pass  on,  that  the 
common  cause  of  people  in  general  not  understand- 
ing the  plans  is  because  they  expect  to  know  too 
much  from  one  single  drawing.  Every  separate 
plan  exhibits  both  a  true  and  false  view  of  some 
parts  of  the  mine ;  and  the  knowledge  necessary  for 
the  observer  is,  what  parts  of  the  workings  it  is 
that  each  drawing  furnishes  a  true  delineation  of. 

jWith  this  introduction  we  proceed  to  state  that 
the  set  of  drawings  may  be  described  thus  : — 
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1.  Ground  plan. 

2.  Horizontal  or  working  plan. 

3.  Longitudinal  section. 

4.  Transverse  section. 

And  taking  them  in  the  order  in  which  they  have 
been  placed,  we  begin  with — 

(1.)  THE  GROUND  PLAN. 

This  is,  in  the  main,  a  general  survey  of  the 
whole  set,  or  land  granted  to  the  adventurers  for 
the  purpose  of  mining.  This  plan  may  be  on  a 
scale  of  three  or  four  chains  to  an  inch ;  and  every 
lord  or  landowner's  bounds  should  be  distinctly 
marked  on  this  map. 

All  the  lodes  are  laid  down  with  their  true 
position  and  course  on  this  plan,  as  far  as  they  can 
be  ascertained;  and  we  may  remark,  that  this 
survey  should  be  made  at  the  outset  or  plant  of  a 
mine,  and  before  anything  has  been  determined  as 
to  the  position  of  an  engine  shaft,  or  any  other 
important  work,  so  that  the  manager  may  have 
the  benefit  of  this  map,  with  the  lodes,  cross 
courses,  and  every  necessary  thing  faithfully  de- 
lineated thereon,  to  assist  his  judgment  in  forming 
the  most  judicious  arrangement  for  future  opera- 
tions. For  want  of  this  precaution,  how  often  is 
it  that  shafts  have  been  sunk  in  improper  places, 
to  the  endless  disadvantage  of  the  company;  and 
sometimes  they  have  been  abandoned  and  new 
shafts  sunk,  at  a  fearful  loss  of  time  and  money! 
In  fact,  we  believe  there  are  but  few  mines  where 
the  conductors  have  not  had  cause  to  regret," 
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ultimately,  that  they  had  not  taken  another  po- 
sition for  sinking  the  principal  shafts,  and  which 
might  have  been  known,  at  the  outset,  if  the 
necessary  steps  had  been  pursued. 

On  this  map  it  should  be  particularly  pointed 
out  if  there  is  any  intervening  ground  on  the 
course  of  the  lodes  that  has  not  been  legally 
granted,  so  that  proper  applications  may  be  made 
in  due  time,  and  not  leave  it  until  the  workings 
have  been  commenced,  and  good  discoveries  made, 
and  then  this  landowner,  taking  advantage  of  the 
neglect  or  oversight,  demanding  an  unreasonable 
premium  and  dues  for  his  land,  or  prohibiting  us 
from  driving  an  inch  under  it,  on  pain  of  knocking 
us  to  pieces  with  the  powerful  arm  of  the  lord 
warden  of  the  stanneries. 

Among  the  many  inconveniences  that  have  arisen 
from  this  cause,  I  select  one  that  occurred  in  this 
neighbourhood  some  eight  or  nine  years  ago. 
A  silver  mine  called  Wheal  Sisters,  in  the  parish 
of  Calstock,  was  in  full  work,  and  just  at  the 
zenith  of  her  glory.  Everybody  concerned  with 
the  mine,  in  the  shape  of  London  directors,  local 
directors,  managers,  secretaries,  agents,  shareholders, 
&c.,  thought  assuredly  (if  they  ever  thought 
at  all)  that  all  the  land  in  the  set  belonged 
to  the  duchy  of  Cornwall,  for  no  survey  such 
as  we  have  been  speaking  of  had  ever  been  made. 
But  it  so  turned  out,  that  a  field  under  which 
the  levels  had  just  been  driven  was  freehold  ! 
And  what  was  the  consequence  ?  Why,  forth  came 
the  proprietor  in  the  person  of  Michael  Williams, 
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Esq.,  of  Scorrier  House,  and  says,  '  Stop  ! '  Well, 
but  she  did  not  stop  then ;  no,  she  went  on  faintly, 
but  in  an  expiring  state,  after  exhausting  her 
resources  in  paying  the  peremptory  demand  of 
Mr.  Williams.  How  much  was  that?  Exactly 
5000/. !  Yes,  and  that  gentleman  was  paid  every 
shilling  of  it ;  and  I  believe  not  10/.  of  silver  ore 
was  broken  in  his  ground  afterward.  And  let  it  be 
known,  this  enormous  sum  was  for  the  dues  only ; 
the  little  field  is  still  the  property  of  its  original 
owner.  This  affair  is  well  known,  and  is  calculated 
to  put  parties  on  their  guard  respecting  their  mining 
rights  and  liabilities.  So  much  for  the  map  of  the 
set  or  ground  plan. 


(2.)  HORIZONTAL  OR  WORKING  PLAN. 

This  is  the  miner's  plan,  his  chart,  his  guide,  his 
right  hand.  Whoever  attempts  to  conduct  the 
operations  of  a  mine  without  a  perfect  working 
plan,  is  unfit  for  his  office.  The  very  circumstance 
of  his  supposing  himself  capable  of  doing  so  is  a 
certain  proof  of  his  ignorance. 

This  plan  gives  what  surveyors  call  '  a  bird's 
eye  view '  of  the  mine  ;  or  let  us  suppose  that  the 
ground  was  transparent,  and  by  walking  over  every 
part  at  the  surface  we  could  look  down  and 
distinctly  see  all  the  workings. 

A  person  who  never  saw  a  mine  will  understand 
from  this  view  that  he  could  distinguish  the  course 
of  the  levels  in  all  their  turns  and  windings,  and, 
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as  respects  all  the  '  horizontal '  drivings,  he  would 
have  a  true  view  of  them;  but  these  drivings  are 
the  only  thing  that  he  would  obtain  a  true  view  of 
in  this  plan. 

Keeping  his  position  in  view,  he  hardly  requires 
to  be  told,  that  he  can  only  see  the  brace  or  mouth 
or  base  of  all  the  vertical  or  downright  shafts,  even 
if  they  were  200  fathoms  deep. 

As  for  the  diagonal  shafts  or  winzes  (which  are 
small  ventilating  shafts  sunk  on  the  declination  of 
the  lode  from  level  to  level),  he  would  only  see  the 
'underlay'  of  them,  or  the  distance  that  they 
diverge  from  a  perpendicular  line.  As  lodes, 
almost  if  not  altogether  without  an  exception,  have 
a  dip  or  declination,  called  by  miners  '  underlay/ 
it  follows  that  the  levels  are  generally  removed 
away  from  the  vertical  line,  and  not  concealed  one 
by  another,  although  this  is  sometimes  partially 
the  case  when  there  is  a  reverse  or  change  of 
underlay.  In  addressing  myself  to  the  miner,  in 
reply  to  his  question  or  inquiry  respecting  the  best 
method  of  constructing  and  keeping  up  a  working 
plan,  I  will  endeavour  to  explain  the  system  I 
always  adopt,  and  which  I  believe  is  the  best,  at 
least  I  have  found  it  so,  after  thirty  years'  ex- 
perience. Let  the  scale  be  five  fathoms  to  an  inch. 
Before  you  begin  to  lay  down  any  part  of  the 
workings,  draw  faint  lines  throughout  the  whole 
length  and  breadth  of  your  sheet  of  drawing  paper 
at  right  angles,  forming  two-inch  squares ;  these 
lines  will  be  your  cardinal  points.  If  your  lode 
bears  east  and  west,  the  longest  way  of  the  paper 
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will  of  course  be  appropriated  for  that  bearing. 
These  lines  are  always  to  remain ;  and  as  they  are 
to  be  single,  and  fine,  and  the  course  of  your  levels 
drawn  with  double  lines,  they  will  not  in  the  least 
confuse,  especially  as  your  levels  must  be  distinctly 
and  variously  coloured  between  the  double  lines 
(which  represent  the  breadth  of  the  level),  so  that 
every  level,  with  ah1  its  drifts  and  connections,  may 
be  distinguished  in  a  moment  or  two,  however 
numerous  or  complicated  your  levels  and  drivings 
may  be.  One  grand  advantage  of  these  cardinal 
cross  lines  is,  that  every  intersection  forms  a  proper 
and  suitable  point  for  laying  on  the  centre  of  the 
double-limb  protractor  or  any  other,  on  all  oc- 
casions, so  that  in  keeping  up  the  plan  or  laying 
down  any  additional  drafts,  there  is  always  a  point 
close  at  hand  for  the  protractor,  without  the 
inconvenience  and  risk  of  bringing  on  a  north  and 
south  line,  for  the  purpose,  from  a  distant  part  of 
the  paper.  Another  convenience  of  these  lines  is, 
that  the  bearing  of  the  lode,  or  any  part  of  it,  may, 
by  their  help,  be  obtained  in  a  few  seconds ;  for 
instance,  as  every  side  of  one  of  the  squares  gives 
10  fathoms,  when  a  level  has  been  laid  down,  we 
can,  by  inspection,  see  very  nearly  (and  by  the 
application  of  a  scale  exactly)  what  it  has  diverged 
to  the  right  or  left  from  the  main  course,  and  if 
we  find  it  to  be  (say)  125  fathoms  east,  and 
19^  fathoms  north,  the  tables  will  tell  us  that  the 
bearing  is  8°  50'  north  of  east ;  and,  by  the  same 
means,  we  may  always  check  or  prove  the  truth  of 
the  plan  or  the  construction  by  trigonometrical 

o  2 
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computation,    and   which   should   always  be  done 
before  the  plan  is  relied  on,  or  pronounced  perfect. 

This  plan,  proved  and  well  kept  up,  becomes  in- 
valuable to  the  mine  agent.  Does  he  want  to  sink 
a  winze  in  one  level  and  rise  against  it  in  another  ? 
Everything  he  can  wish  for  is  before  his  eyes.  The 
two  corresponding  points  for  the  sink  and  rise,  the 
amount  of  underlay,  the  bearing,  the  length  of  the 
winze  and  its  vertical  depth,  are  all  embodied  in  the 
plan.  Has  the  lode  split,  and  have  the  workmen 
driven  on  the  wrong  branch  ?  look  at  the  plan,  and 
compare  notes  with  the  general  bearings,  and  the 
course  to  be  adopted  will  be  apparent.  I  have 
known  a  case  where  the  plan  betokened  that  a  mis- 
driving  had  taken  place  in  a  level,  but  the  agent 
persisted  that  the  driving  was  right  in  spite  of  the 
plan ;  however,  the  manager,  having  more  confidence 
in  computation  than  in  conceit,  was  convinced  by  the 
indications  of  the  plan  that  they  were  gone  off  the 
main  branch,  and  ordered  them  immediately  to 
'  turn  house,'  or  cut  north  at  right  angles  :  this 
was  done,  and  in  driving  two  fathoms,  the  main  lode 
was  discovered  with  a  large  and  rich  course  of 
copper  ore. 

(3.)  LONGITUDINAL  SECTION. 

This  drawing  supposes  that  a  section  of  the 
ground  has  been  cut  away,  and  that  a  side  view  of 
the  mine  is  exposed.  If  it  is  an  east  and  west  run, 
the  observer  is  placed  at  the  south  of  the  mine,  and 
taking  a  panoramic  north  view  of  all  the  exca- 
vations. 
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In  this  position  he  will  have  a  perfect  sight  of  all 
the  vertical  shafts,  and  a  general  view  of  the  stopes, 
or  ore  ground  broken  away  between  the  levels,  also 
the  dip  of  the  courses  of  ore  may  be  portrayed 
and  distinguished,  and  the  surface  line  of  the 
country,  with  a  perspective  view  of  the  buildings 
and  machinery,  may  be  seen  or  exhibited  fairly  by 
this  section.  But  the  levels,  diagonal  shafts,  cross- 
cuts, and  winzes,  will  have  a  false  or  imperfect  ap- 
pearance here.  For  instance,  the  levels  will  appear 
to  be  perfectly  straight,  however  serpentine  or 
crooked  their  course  may  be.  The  diagonal  shafts 
and  winzes  will  appear  to  be  perpendicular,  because 
their  dip  is  in  the  line  of  the  inspector's  eye  ;  and  as 
an  end  view  will  be  taken  of  the  north  and  south 
cross-cuts,  the  extent  of  these  drivings  will  not  be 
seen. 

The  only  real  benefit  of  this  section  to  the  miner 
is,  that  it  may  be  so  contrived  as  to  show  the  dip,  or 
inclination,  or  declination,  of  the  bunches  or  courses 
of  ore,  and  this  circumstance  he  may  turn  greatly 
to  his  advantage  in  working  the  mine.  For  ex- 
ample, suppose  in  driving  the  50  fathom  level, 
going  east,  we  cut  into  a  course  of  ore,  and  it  lasted 
25  fathoms  in  length  ;  let  these  two  points  of  the 
'  coming  in '  and  '  going  out '  of  the  course  of  ore 
be  correctly  marked  in  this  50  fathom  level  of  this 
section. 

In  the  60  fathom  level,  or  next  level  below,  the 
same  course  of  ore  was  cut  4  fathoms  farther  west 
than  it  was  in  the  50,  and  the  course  of  ore  at  this 
level  proved  to  be  28  fathoms  long.  Let  these 
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points  also  be  marked  on  the  section,  and  as  there 
is  a  general  regularity  in  the  dip  of  ores,  the  agent 
is  now  in  possession  of  a  clue,  whereby  he  may  form 
a  reasonable  judgment  at  what  place  the  course  of 
ore  will  come  in  at  the  70  fathom  level,  or  levels 
still  deeper,  and  also  at  what  point  it  will  fail  in 
driving  east,  hence  he  will  be  better  qualified  for 
setting  tribute  with  the  help  of  this  section  than  if 
he  had  no  such  guide.  The  longitudinal  sketches 
that  are  usually  shown  in  mines,  with  a  pell-mell 
blotch  of  the  stopes,  and,  as  we  have  shown,  the 
false  view  of  the  levels,  diagonals,  and  winzes,  are 
useless  to  the  miner,  and  deceptive  to  the  stranger. 

(4.)  TRANSVERSE  SECTION. 

Here  the  view  is  taken  at  one  end  of  the  workings. 
Suppose  again  the  drivings  to  be  east  and  west,  and 
the  dip  of  the  lode  northerly,  the  observer  is  placed 
at  the  west  end,  with  his  face  easterly.  Now,  for 
the  first  time,  he  will  have  a  fair  view  of  the  decli- 
nation of  the  shafts  and  winzes  that  have  been  sunk 
on  the  course  of  the  lode,  and  thereby  he  will  see 
all  the  dip  and  variations  of  the  lode  from  the 
surface  to  the  bottom  of  the  mine.  Here  he  will 
see  the  northing  and  southing  made  by  the  cross- 
cuts, and  if  a  vertical  shaft  is  in  sinking  to  take  the 
lode  at  a  certain  depth,  the  point  of  intersection 
will  be  apparent  to  his  view.  Eespecting  the  levels 
driven  on  the  course  of  the  lode,  he  will  only  see 
their  western  end.  If  there  has  been  no  diagonal 
shaft,  but  the  mine  has  been  worked  by  a  downright 
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sump  or  engine-shaft,  this  section  will  exhibit  a 
regular  and  correct  view  of  all  the  drifts  or  cross- 
cuts, from  the  shaft  to  the  lode,  and  from  this  data, 
or  the  extreme  ends  of  the  cross-cuts,  the  'declina- 
tion of  the  lode  will  be  conspicuous.  The  trans- 
verse view  of  the  surface  line  will  finish  ah1  that  can 
be  fairly  seen  by  this  drawing. 

OBSERVATIONS. 

After  such  a  detail  we  think  there  will  be  no 
occasion  for  '  summing  up,'  or  repeating  to  the 
inquisitive  stranger,  or  adventurer,  what  may  be 
seen,  and  what  may  not  be  seen,  on  each  and  every 
drawing.  To  the  practical  man,  or  with  him,  we 
may  converse  of  the  best  and  readiest  means  of 
making  these  drawings.  Let  us  suppose  the  hori- 
zontal or  working  plan  to  be  drawn  and  executed, 
and  proved  in  a  correct  and  masterly  manner,  and 
all  the  vertical  shafts  truly  dropped  or  measured. 
We  are  then  in  possession  of  every  thing  necessary 
for  drawing  the  two  sections  without  going  out  of 
the  office ;  for  by  parallels,  or  a  drawing  board 
and  slides,  all  the  shafts,  winzes,  &c.,  may  be 
transferred  from  the  plan  to  the  paper  prepared  for 
the  sections,  with  despatch  and  accuracy.  True, 
we  may  have  recourse  to  the  dialling  book  for  the 
position,  length,  height,  and  depth  of  the  stopes  and 
sinks  ;  and  if  a  perspective  drawing  of  that  part  of 
the  set  where  the  buildings  are  placed  should  be 
required,  a  sketch  must  be  made  for  that  purpose. 

To  the  learner  we  would  observe,  that,  if  he  is 
about  to  survey  a  mine  and  draw  a  working  plan, 
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let  him  lay  down  his  shallow  adit,  or  the  upper 
levels,  first,  and  the  others  in  succession ;  because, 
wherever  any  crossings  take  place,  or  one  level  or 
draft  passes  immediately  under  another,  the  upper 
level  must  be  entire  or  unbroken,  and  the  under 
level  will  not  be  shown,  as  a  matter  of  course,  be- 
ing necessarily  obscured  or  concealed  by  that  part 
of  the  workings  that  passes  immediately  above  it. 
One  method  of  proving  his  work  as  he  proceeds  is 
as  follows : — Suppose  he  has  surveyed  the  adit 
level,  and  there  are  four  winzes  communicating 
with  the  10  fathom  level,  and  he  has  taken  the 
bearing,  and  depression,  and  length  of  those  winzes, 
and  plotted  or  laid  down  this  level  and  the  true 
base  of  those  winzes  on  his  working  plan.  He  then 
proceeds  to  survey  the  10  fathom  level,  making 
good  every  thing  as  he  proceeds ;  and  of  course 
when  he  arrives  at  the  foot  of  those  winzes  which 
he  surveyed  in  the  adit,  he  minutely  enters  in  his 
dialling  book  the  mark  at  their  foot,  where  he  took 
his  diagonal  observation  and  measurement.  Then 
in  laying  down  his  10  fathom  level,  if  all  his  work 
has  been  well  done,  the  points  in  those  winzes  will 
exactly  correspond"  with  his  survey  in  the  10  fa- 
thom level  and  on  the  plan,  and  this  desirable 
check  he  may  and  should  pursue  throughout  the 
whole  survey.  It  is  too  common  in  these  cases,  in 
order  to  avoid  the  time  and  labour  in  surveying 
the  winzes,  to  '  let  them  take  their  chance,'  by 
merely  entering  their  '  brace '  in  one  level  and 
4  foot '  in  another,  and  let  the  truth  of  their  re- 
spective bearings  and  underlay  depend  on  the 
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horizontal  survey  of  the  levels.  This  practice  is 
reprehensible,  and  should  never  be  tolerated.  But 
with  all  this  precaution,  we  advise,  by  all  means, 
that  every  part  of  the  plan  be  proved  by  trigonome- 
trical computation,  and  the  surveys  by  fore  and 
back  diallings.  Let  us  suppose  we  have  surveyed 
a  level  by  double  diallings.  How  shall  we  ascer- 
tain if  there  is  a  perfect  correspondence?  We  have 
introduced  a  problem  on  this  subject,  and  it  is 
plain  that  the  final  two  sums  of  the  traverse  will 
demonstrate  either  the  agreement  of  the  difference. 
This  being  done,  and  the  underground  work  proved 
correct,  we  proceed  to  construct  or  draw  the  level 
on  the  plan,  and  it  is  most  desirable  that  we  should 
know  if  this  part  of  the  work  has  been  well  exe- 
cuted ;  and  as  we  have  computed  the  workings,  we 
are  furnished  with  a  ready  and  certain  test.  Sup- 
pose we  found,  by  computation,  that  the  level  gave, 
from  beginning  to  end,  184  fathoms  3  feet  of 
southing,  and  34  fathoms  4  feet  of  westing.  Now, 
applying  these  numbers  to  the  plan,  we  shall,  by 
the  convenient  help  of  the  cardinal  lines  and  instru- 
ments, presently  prove  if  the  latitude  and  longitude 
between  the  start  and  terminus  of  the  level  on  the 
plan  make  good  these  lines.  Lastly,  I  would  re- 
commend that  the  instruments  for  drawing  and 
keeping  up  the  working  plan  should  be  a  6  or  7  inch 
circular  protractor,  on  the  best  principle,  with  double 
limb  and  vernier  scale  for  reading  off  the  angle, 
so  that  there  may  be  no  guessing,  or  judging  by 
the  eye,  merely,  for  the  fractional  part  of  the  de- 
gree ;  also,  a  parallel  ruler  of  the  best  kind.  I 


202  PLANS  AND   SECTIONS   OP  MINES. 

prefer  those  rulers  that  travel  on  rollers,  both  for 
expedition  and  accuracy,  but  I  admit  it  requires 
some  practice  to  use  them  well.  There  is  an  ad- 
vantage in  those  rulers,  in  that  they  have  an  ivory 
edge  and  a  graduated  scale,  so  that  the  lengths 
may  be  pointed  off  at  the  same  time  that  the  line 
is  drawn,  without  using  a  compass  or  dividers ; 
and  these  two  instruments  are  all  that  are  required 
for  the  drawing  department.  The  parallel  ruler 
should  be  a  foot  long,  divided  into  thirty  feet  to  an 
inch ;  so  that  any  line  within  the  extent  of  360  feet 
can  be  pointed  off  at  once. 
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MISCELLANEOUS. 

THE  following  articles  are  extracts  from  some  parts 
of  my  public  correspondence  during  the  controversy 
alluded  to  at  the  beginning  of  this  Supplement,  and 
I  think  will  be  found  useful  and  satisfactory  to  many 
of  my  mining  friends. 

LEVELLING. 
CUEVATUEE   OF   THE   EABTH. 

In  cutting  long  leats  or  watercourses  for  mining 
purposes,  it  is  necessary  that  allowance  should  be 
made  for  the  '  curvature  of  the  earth.' 

RULE. 

Consider  the  radius  of  the  earth  and  the  length  of 
the  levelling,  in  a  right  line,  as  the  two  sides  of  a 
right-angled  triangle ;  add  the  sum  of  the  squares  of 
those  sides  together,  and  extract  their  square  root 
for  the  hypothenuse.  The  difference  between  the 
length  of  the  radius  and  the  hypothenuse  will  be 
the  '  curvature.' 


It  will  be  found  that  the  curvature  on  one  mile 
will  be  8  inches,  and  on  two  miles  2  feet  8  inches ; 
and  although  this  rule  will  not  answer  for  very  long 
distances,  yet  it  is  sufficiently  accurate  for  the  first 
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5  or  6  miles,  and  consequently  adapted  for  mining 
purposes. 

The  diameter  of  the  earth  is  7963  miles,  and  the 
half  of  it,  or  radius  (say)  3831  miles,  which  it  will 
be  convenient  to  reduce  into  inches,  after  it  has 
been  squared,  and,  of  course,  the  line  of  levelling 
also. 

There  is  reason  to  believe  that  failure  has  taken 
place  in  bringing  home  long  leats,  where  the  fall 
has  been  limited  from  want  of  proper  attention  to 
this  subject. 

N.B.  An  easy  and  expeditious  rule  of  approxima- 
tion is  to  square  the  length  of  the  line  of  levelling 
in  miles  and  divide  by  8.  The  answer  will  appear 
in  inches. 


STANDARD  OF  COPPER  ORE. 

Since  my  arrival  in  this  city  I  have  been  requested 
to  furnish  a  plain  definition  of  the  term  l  standard,' 
as  applied  to  copper  ore ;  for  I  am  told  there  still 
exists  among  persons  not  conversant  with  practical 
mining  much  mystery  respecting  its  real  meaning. 

The  word  '  standard,'  divested  of  its  disguise,  as 
applied  to  mining,  simply  means  '  the  present  value 
of  a  ton  of  fine  copper,'  and  to  be  understood  as  to 
its  practical  effect,  it  must  be  associated  with  its  two 
near  kinsmen,  '  price '  and  k  produce.'  Standing  se- 
parately, they  may  be  thus  defined ;  viz.  *  standard,' 
the  value  of  a  ton  of  copper ;  '  produce,'  the  number 
of  tons  of  copper  in  100  tons  of  ore ;  '  price,' 
the  value  of  a  ton  of  copper  ore.  Now  it  will  be 
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seen  that  any  two  of  these  terms  being  given,  the 
third  may  be  found  by  proportion. 


EXAMPLE. 

Given  standard,  116/.,and  produce  8|,  the  'price' 
is  required. 

£       s.      d. 
As  116     :     8J     :  :     100  =  10     3     0 

Deduct  returning  charge      2  15     0  per  ton. 

Answer     780  per  ton. 
£    s.     d. 

Given  '  price,'  103     0  Produce  8|,  require  the  '  standard.' 
As  10    3     0     :     100     ::     8£=Ans.  116. 

£    s.    d. 

Given  '  standard,'  116,  'price,'  10    3     0  require  the 
'  produce.' 

£    s.     d. 
As  10    3     0     :     100     : :     116= Ans.  8|. 

These  operations  mutually  prove  the  rule,  and  I 
suppose  will  render  the  meaning  and  effect  of  the 
'  standard '  clear  to  all  parties. 
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GEOLOGY. 


UNDER  this  head  we  shall  confine  ourselves  to 
those  mysterious  phenomena  in  mines  called  heaves, 
slides,  cross-courses,  faults,  up-throws,  and  by  what- 
ever names  miners  or  geologists  may  call  that 
sudden  dislocation  of  lodes,  or  separation  of  the 
vein,  by  the  intersection  of  another  vein  crossing  it, 
either  obliquely  or  at  right  angles,  and  sometimes 
removing  or  severing  (apparently)  one  part  of  the 
lode  from  the  other,  and  carrying  it  away  a  great 
many  fathoms.  When  a  lode  has  been  thus 
separated  it  is  called  by  miners  '  a  heave.'  A 
'slide'  is  of  another  character,  although  they  are 
sometimes  confounded  together.  If  a  lode  running 
east,  and  underlying  north,  is  intersected  by  a 
parallel  vein,  or  another  vein  whose  course  is  nearly 
parallel,  but  underlying  contrary  to  it  or  south, 
and  it  is  found  at  the  intersection  that  the  lode  has 
been  severed  by  the  flookany  vein,  it  is  called  a 
'  slide ; '  and  the  technical  expressions  are,  '  cut  out 
by  a  slide,'  or  '  thrown  up,'  or  '  thrown  down,'  by 
a  slide.  The  doctrine  of  '  heaves  '  and  '  slides  '  is 
of  great  consequence  to  the  miner ;  so  that  when 
one  of  those  cross  veins  comes  in,  and  '  the  lode  is 
lost,'  as  it  is  expressed,  he  may  know  in  what  direc- 
tion to  drive  to  find  it  again. 
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There  are  indications  known  to  practical  men 
whereby  they  can  generally  give  a  fair  guess 
whether  it  is  a  '  left  hand '  or  a  '  right  hand ' 
heave  ;  but  sad  experience  tells  us  that  they 
are  sometimes  mistaken  in  this  important  matter, 
and  long  and  wrong  drivings  of  discovery  have 
been  made  on  these  occasions,  at  a  great  loss  of 
time  and  money.  Therefore  we  conclude  that  in 
this,  as  in  all  of  nature's  operations,  although  there 
is  a  general  rule,  yet  there  are  exceptions,  and  the 
usual  guides  of  the  bending  or  inclining  of  the  last 
few  fathoms  of  the  lode,  towards  the  severed  part, 
with  the  scroll  and  particles  of  ore,  scattered  in 
that  direction,  &c.  sometimes  prove  fallacious. 

Now  we  are  not  going  to  step  out  of  our  place 
to  presume  to  advise  the  miner  respecting  the  best 
indications — we  submit  to  his  judgment ;  but  I  think 
I  shall  obtain  his  vote,  when  I  recommend  that  if  a 
lode  has  been  '  hove,'  and  has  not  been  found  by 
driving  a  few  fathoms  right  and  left  on  the  cross- 
course,  that  the  most  advisable  plan  is  to  ascertain 
the  true  bearing  of  the  lode,  and  set  to  drive  on 
this  bearing,  'through  the  country,'  at  the  point 
where  the  separation  took  place. 

I  am  borne  out  in  giving  this  opinion,  from  the 
well-known  facts  that,  although  the  course  of  a  lode 
has  been  altered  by  a  <  heave,'  yet  there  is  generally 
an  inclining  to  recover  the  original  course ;  but 
especially  as  sometimes  it  is  so  disordered  or 
'  squeezed  up '  close  to  the  cross-course,  that  it 
cannot  be  identified ;  but  by  driving  out  a  few 
fathoms  through  the  country,  on  the  course  of 
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the  lode,  and  then  l  turning  house,'  or  driving  at 
right  angles,  we  shall  be  sure  to  find  the  lode, 
and  being  in  settled  country,  to  know  it  when 
found. 

Of  course  we  recommend  this  proceeding  only  in 
those  vexatious  cases  where  our  efforts  have  been 
baffled  in  seeking  for  the  lost  lode  by  driving  on 
the  cross-course.  We  might  bring  forward  some 
strong  '  tried  cases  '  that  would  preponderate  in 
favour  of  this  '  dernier  ressort ; '  but  we  will  only 
select  the  well-known  case  in  point  at  Holmbush 
Copper-mine,  in  this  neighbourhood.  Nearly  three 
years  ago,  in  driving  west  they  found  the  lode  was 
'  hove '  by  a  large  cross-course ;  and  after  driving 
some  distance  north  and  south  on  the  cross-course, 
and  being  strongly  prepossessed  in  favour  of  the 
doctrine  of  '  right-hand  heaves,'  they  discontinued 
driving  south,  and  concentrated  their  force  in  ex- 
ploring north  in  search  of  the  '  lost  lode  ; '  and  after 
a  fruitless  labour  in  driving  some  50  or  60  fathoms 
on  the  cross-course,  and  west  on  some  scattered 
branches,  they  remembered  that  they  had  cut  a 
small  vein  in  driving  south  about  6  or  7  fathoms 
south  of  the  point  of  dislocation ;  and  in  driving  a 
few  fathoms  on  this  disowned  and  rejected  branch, 
they  found  it  to  expand  into  a  large  and  fine  course 
of  copper  ore,  and  to  be  the  very  lode  they  had  ex- 
pended so  much  time,  labour,  and  money  in  search- 
ing for  in  the  wrong  direction. 

But  we  would  now  turn  from  the  miner  to  the 
geologist :  0  what  strange,  contradictory,  and  out- 
rageous things  have  been  published  respecting  the 
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*  formation  of  lodes  and  mineral  veins,'  and  the 
causes  of  '  heaves '  and  dislocations ! 

How  amusing  to  the  practical  miner  it  is  to  read 
1  The  Transactions  of  the  Boyal  Geological  Society,' 
and  to  see  how  wild,  erroneous,  and  contradictory 
their  notions  are  on  those  subjects !  There  is  cer- 
tainly one  point  in  which  they  all  seem  to  be 
unanimous,  and  that  is,  in  'rejecting  the  truth!' 
One  grave  professor  will  tell  us,  the  lodes  are 
'secondary  formations,'  and  have  been  subsequently 
filled  from  the  surface;  another  says,  the  ore  has 
been  thrown  up  into  them  by  '  volcanic  action ; ' 
another,  that  it  has  been  drawn  into  them  sideways 
by  'electricity,'  having  been  'held  in  solution'  in 
the  adjoining  rock ;  but  not  one  of  them  appears 
'  to  be  valiant  for  the  truth,'  by  declaring  that  the 
whole  is  a  contemporaneous  creation !  No,  they 
will  leave  the  '  truth '  for  unsophisticated  men  to 
deal  with,  while  they  seem  to  take  pleasure  only  in 
endeavouring  to  reconcile  impossibilities. 

I  doubt  not  but  a  vast  majority  of  my  practical 
brethren  are  on  my  side  in  favour  of  the  doctrine 
of  'contemporaneous  formation.'  As  for  the  term 
'  heave, '  '  slide,'  '  throw,'  '  separated,'  or  any  other 
word  betokening  subsequent  disturbance,  it  is  no- 
thing more  than  a  name.  These  phenomena  are 
the  wise  and  admirable  order  of  creation  for  the 
benefit  of  man.  Miners  know  well  (however 
ignorant  geologists  may  be  of  the  fact)  how  highly 
beneficial  to  mining  operations  this  grand  arrange- 
ment is ;  how  advantageous  are  cross-courses  in  a 
granite  or  any  other  hard  country,  where  they  can 
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drive  ten  fathoms  in  about  the  same  time  and  cost 
that  they  could  drive  one  fathom  through  the  rock  ! 
Another  incalculable  advantage  is,  that  these  cross- 
courses,  being  generally  composed  of  a  stiff  clay, 
impervious  to  water  (called  '  flookan '  by  the  miner), 
effectually  dam  back  the  stream ;  and  on  some 
hollow  or  porous  lodes,  were  it  not  for  these  cross- 
courses,  the  influx  or  drainage  would  be  so  extensive, 
that  it  would  be  impossible  to  work  the  mine  with- 
out an  immoderate  expense  of  machinery. 

As  to  these  '  heaves '  being  secondary  tilings, 
the  doctrine  is  fraught  with  absurdity  and  impossi- 
bility. We  find  '  heaves '  of  several  fathoms,  and 
all  the  '  country '  or  rock  in  its  vicinity,  without  a 
single  fracture,  and  not  the  slightest  sign  that  ever 
a  hairbreadth  movement  or  agitation  had  taken 
place  since  the  six  days  of  creation!  but  what 
must  have  been  the  mighty  wreck  and  crash,  if 
some  supernatural  power  had  caused  our  ponderous 
globe  to  shift  some  10,  20,  or,  as  in  some  cases,  80 
fathoms,  one  part  from  another  ?  Moreover,  those 
cross-courses,  which  are  said  by  those  'secondary 
men '  to  be  either  the  cause  or  proofs  of  those  dis- 
locations, we  often  find  them  serpentine  or  zigzag 
in  their  course,  and  that  they  are  not  interminable, 
but  often  fail,  and  discontinue,  when  a  change  of 
strata  or  country  takes  place. 

How  can  we  reconcile  this  with  the  idea  of  dislo- 
cation? Surely  if  the  cross-course  hove  the  lode, 
before  we  receive  the  doctrine  we  must  be  assured 
that  the  cross-course  extended  throughout  the 
globe,  without  interruption,  and  straight  as  a  line! 
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In  writing  on  this  subject,  during  the  controversy 
alluded  to,  I  called  the  attention  of  the  public 
to  a  notable  circumstance  that  speaks  loudly  on  the 
subject,  and  that  can  hardly  fail  to  come  under  the 
notice  of  every  observant  man — I  mean  the  minia- 
ture display  of  all  the  phenomena  of  lodes,  cross- 
courses,  heaves,  slides,  splits,  faults,  and  everything 
else  of  the  kind  that  may  be  seen  in  some  species  of 
stone.  0  what  '  faithful  witnesses  '  are  those  little 
representations  where  everything  is  exactly  por- 
trayed in  perfect  and  exact  harmony  with  the 
stupendous  and  magnificent  order  of  the  formations 
to  be  found  in  a  mine  of  20*0  fathoms  ! 

If  we  look  at  the  top  of  one  of  those  stones,  we 
are  reminded  of  the  working  or  horizontal  plan  of 
a  mine,  and  the  fractured  end  truly  represents  the 
transverse  section.  How  deeply  rooted  must  be 
the  prejudices  of  men  who  will  not  receive  this 
corroborating  evidence ! 

I  have  before  me  the  '  Mining  Journal '  of 
February  4,  1843,  wherein  my  arguments  on  this 
subject  were  followed  up  by  a  practical  man,  as 
follows  : — 


To  the  Editor. 

'Sir, 

'  After  reading  Mr.  Budge's  statement  of  facts 
inserted  in  the  Supplement  to  the  "  Mining  Journal  " 
of  Saturday,  28th  inst.,  I  recollect,  many  years  ago, 
being  at  a  mine  called  Seal  Hole,  situated  in  the 
parish  of  Saint  Agnes,  in  Cornwall,  now  called 

p  2 
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Polberou  Consols,  seeing  there  a  flat  blue  killas  or 
clay-slate  stone,  about  four  inches  wide,  five  or  six 
inches  long,  and  half  an  inch  thick  ;  on  the  surface 
of  which  we  could  distinctly  trace  several  rich  tin 
lodes  in  miniature,  so  very  similar  to  the  disposition 
of  the  great  metallic  lodes,  that  it  might  be  thought 
an  exact  representation  of  what  you  might  expect 
to  see 'in  the  plan  and  section  of  a  mine.  The  little 
representatives  of  lodes,  the  largest  of  them  perhaps 
not  much  larger  than  a  stout  pack-thread,  and 
others  less,  all  intersected  by  a  little  diminutive 
cross-course,  composed  of  what  the  miners  term 
spar,  which  heaved  the  different  veins  as  is  done  in 
a  large  champion  lode.  From  the  above  and  other 
alike  corroborative  evidence,  I  am  led  to  believe, 
also,  that  the  lodes,  and  the  country  about  them, 
were  formed  at  one  and  the  same  time. 

'  S.  P.' 


If  anything  more  is  wanting  to  prove  that  those 
*  heaves'  are  originals,  we  may  bring  forward  the 
fact  well  known  to  miners,  that  oftentimes  a  cross- 
course  intersecting  several  lodes,  the  '  heaves  *  are 
found  to  differ  materially  in  their  distance,  and  some 
not  '  heaved '  at  all,  and  there  are  known  to  be 
both  right  and  left-hand  heaves  on  the  same  cross- 
course. 

I  shall  close  this  subject  with  the  extract  of  a 
letter  I  inserted  in  the  '  Mining  Journal,'  December 
3,  1842  :— 
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To  the  Editor. 

'Sir, 

'  At  last  I  observe,  with  pleasure,  that  one  of 
our  practical  miners  has  had  the  courage  to  come 
forward  and  openly  throw  down  the  gauntlet  against 
the  host  of  modern  geologists.  This  champion  for 
the  truth  is  Mr.  Thomas  Deakin,  of  the  Blaenavon 
Mines,  whose  letter  appeared  in  last  week's  Journal. 
I  hope  his  efforts  will  be  seconded  by  abler  hands 
than  mine  ;  for  surely  it  is  high  time  that  the  per- 
nicious march  of  geological  error  should  meet  with 
a  check  from  some  quarter. 

'  Permit  us  to  inquire  what  benefit  mining  has 
received  from  all  the  writings,  lectures,  societies, 
premiums,  researches,  and  labours  of  our  large  body 
of  theoretical  geologists?  If  I  am  wrong,  please 
to  set  me  right ;  but  I  declare,  I  know  not  a  single 
instance  where  any  good  has  emanated  from  their 
exertions,  to  the  value  of  a  swabbing-stick  !  All  the 
progress  made  in  the  discovery  and  working  of 
mines  has  been  without  their  help  —  the  ancient 
methods  of  detecting  or  identifying  a  metallic  lode 
by  shodes,  gossans,  mineral  waters,  gases,  &c.,  have 
received  no  improvement  from  them,  although  we 
are  persuaded  that  a  fine  field  for  art  and  science 
is  still  open  here ;  for  as  nature  always  works  by 
general  laws,  we  believe  that  if  all  the  indications 
which  attend  a  rich  metallic  lode  could  be  detected, 
that  mining  would  not  be  so  much  a  speculation  as 
it  is  at  present.  But  what  can  be  the  cause  that 
such  a  large  body  of  talented  men,  devoted  to  the 
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subject,  ambitious  to  excel,  and  "  with  all  appli- 
ances and  means  to  boot,"  should  be  thus  noto- 
riously useless  and  unprofitable  ?  Your  Blaenavon 
correspondent  has  revealed  the  secret.  Now,  Mr. 
Editor,  allow  me  to  observe  that  theology  will  never 
disgrace  the  columns  of  the  "  Mining  Journal ;"  and  if 
we  consult  the  best  judges,  I  think  they  will  admit 
that  it  should  ever  be  the  basis  of  geology.  This, 
Sir,  is  the  grand  cause  why  the  efforts  of  our  geo- 
logical societies  have  utterly  failed— they  have  set 
themselves  against  the  truth  —  they  have  rejected 
the  inspired  history  of  the  creation  of  the  world ; 
hence  their  writings  and  sayings  are  replete  with 
error,  inconsistency,  and  contradiction. 

'  Let  them  begin  again ;  cancel  what  they  have 
written,  and  lay  their  foundation  on  the  sublime 
accounts  so  minutely  given  us  in  the  Scriptures. 
Then  let  them  follow  nature  in  all  her  grand  and 
stupendous  subterranean  operations,  and  they  will 
discover  a  world  of  harmonious  wonders,  and  will 
bring  to  light,  to  the  admiration  and  benefit  of 
mankind,  the  cause  and  effect  of  the  magnificent 
order  of  every  part  of  creation  that  is  allowed  to 
fall  under  the  inspection  of  man. 

'  I  shall  be  borne  out  in  stating  my  firm  con- 
viction that  no  sceptic  ever  made  a  good  geologist ; 
and  whatever  those  men  may  think  of  themselves 
who  dare  to  write  in  contradiction  to  the  Word 
which  the  Creator  has  graciously  condescended  to 
bestow  on  His  creatures,  they  are  no  better  than 
practical  atheists  in  the  judgment  of  all  men  "  who 
believe  and  know  the  truth,"  and  their  writings  are 
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calculated  to  inflict  a  serious  injury  on  society.  See, 
Sir,  how  these  talented  infidels  try  all  they  can  to 
sap  the  foundation  of  the  Christian's  faith ! — their 
first,  second,  and  third  formations.  One  thing  pro- 
duced by  another.  Coal  formed  of  vegetable  matter ! 
and  lately  they  have  discovered  that  slate  is  a  marine 
production  I  Oh,  Sir,  if  you  are  not  one  of  that 
school,  let  me  entreat  you  to  point  your  powerful 
pen  against  the  doctrines  of  this  geological  demon, 
or,  at  least,  give  full  introduction  to  those  who  feel 
themselves  imperatively  called  on  to  come  forward 
in  defence  of  the  truth. 

'JOHN  BUDGE.' 


EXPLANATION  OF  TERMS  USED  IN  THE  FORE- 
GOING- WORK. 

Acclivity,  the  rising  steepness  of  a  hill. 

Aliquot,  such  a  part  of  a  number  or  quantity  as  is  contained  in 

it  so  many  times  without  a  remainder. 
Angle,  the  space  between  two  lines  which  cross  each  other. 
Base,  the  bottom,  the  foundation. 
Bisect,  to  divide  into  two  parts. 
Complement,  so  much  of  an  angle  as  is  wanting  to  make  a  right 

angle. 
Construction,  the  contriving  such  lines  and  figures  as  will  show 

the  truth  of  a  problem. 

Corollary,  conclusion  drawn  from  antecedent  demonstration. 
Cosecant,  the  secant  of  the  complement  of  an  arch  to  90  degrees. 
Cosine,  the  right  sine  of  an  arch  which  makes  up  another  arch  of 

90  degrees. 
Cotangent,  the  tangent  of  an  arch  which  is  the  complement  of 

another  arch  to  90  degrees. 
Declination,  the  act  of  bending. 

Declivity,  the  steepness  of  a  hill  downwards,  gradual  descent. 
Definition,  a  clear  and  short  description. 
Degree,  the  360th  part  of  the  arc  of  a  circle. 
Demonstrate,  to  prove  with  certainty. 
Denomination,  a  name  given  to  any  thing. 
Depression,  the  act  of  pressing  down. 
Desideratum,  a  desirable  improvement  in   a  science  yet  unat- 

tained. 

Diagonal,  a  line  drawn  from  one  angle  to  another. 
Diagram,  a  scheme  drawn  for  the  explanation  of  any  thing. 
Elevation,  a  raising  or  lifting  up. 
Geometry,  the  science  of  extension. 
Horizon,  the  line  that  bounds  the  visible  from  the  invisible  part 

of  the  earth. 

Horizontal,  level  with  the  horizon. 
Hypotlienuse,  the  longest  side  of  a  right-angled  triangle. 
Inaccessible,  not  to  be  approached. 
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Intersect,  to  cut  each  other. 

Intervene,  to  come  between. 

Junction,  the  act  of  joining  together. 

Mathematics,  that  science  which  contemplates  whatever  is  capable 

of  being  numbered  or  measured. 
Oblique,  not  perpendicular,  not  parallel. 
Perpendicular,  a  line  that  stands  upon  or  crosses  another  at  right 

angles. 

Problem,  that  which  proposes  something  to  be  done. 
Protractor,  an  instrument  to  lay  down  or  measure  angles. 
Quadrant,  one  fourth  part  of  a  circle  containing  90  degrees. 
Radius,  a  right  line  drawn  from  the  centre  to  the  circumference 

of  a  circle,  half  the  diameter. 
Bight  Angle,  an  angle  containing  90  degrees,  made  by  the  touch 

of  two  lines  perpendicular  to  each  other. 
Scale,  a  mathematical  instrument  containing  lines  divided  into 

equal  or  unequal  parts. 
Scheme,  a  plan,  a  mathematical  diagram. 
Secant,  a  right  line  drawn  from  the  centre  of  a  circle  that  meets 

the  tangent 

Segment,  a  part  cut  off. 
Sine,  a  right  line  drawn  from  one  end  of  an  arc  perpendicular 

upon  the  diameter. 
Summary,  compendium,  abridgment. 
Tabular,  set  down  in  tables. 

Theorem,  a  position  laid  down  as  an  acknowledged  truth. 
Tangent,  a  right  line  drawn  without  a  circle  perpendiciilar  to 

some  radius. 

Triangle,  a  figure  having  three  sides  and  angles. 
Trigonometry,  the  science  of  resolving  triangles. 
Trisection,  division  into  three  parts. 
Vertical,  perpendicular  to  the  horizon. 
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rE  progress  of  science  and  general  knowledge  during  the  twenty-four  years  which 
have  elapsed  since  the  publication  of  the  first  edition  of  The  Dictionary  of  Science, 
Literature,  and  Art,  has  made  it  impracticable  any  longer  to  render  that  work  a  fit 
representative  of  existing  knowledge,  by  mere  corrections  and  supplements.  It  has, 
therefore,  been  considered  advisable  to  re-write  or  re-edit  it  throughout,  and  thus 
to  make  it  an  entirely  new  work.  It  was  the  original  plan  of  the  Editor  to  associate 
with  himself  writers  of  admitted  competence  in  the  various  subjects  treated  of  in  the 
•work,  and  the  same  system  has  been  followed  in  the  new  edition  now  in  course  of 
publication.  It  is  believed  that  the  names  of  the  gentlemen  who  have  contributed  to 
this  new  edition  form  a  sufficient  guarantee  that  the  Editors'  efforts  to  render  this 
•work  a  trustworthy  source  of  information  have  in  no  way  relaxed,  and  that  the  book 
may  therefore  be  consulted  with  confidence  by  all  who  wish  to  make  themselves 
acquainted  with  the  principles  of  each  particular  science,  with  the  details  and  history 
of  many,  and  with  the  main  facts  of  the  multifarious  subjects  with  which  it  is  neces- 
sary, at  the  present  day,  for  all  intelligent  persons  to  have  some  acquaintance. 

The  plan  of  the  fourth  edition  differs  slightly  from  that  of  the  former  ones,  but  it 
is  more  in  accordance  with  the  idea  on  which  the  Dictionary  was  originally  planned, 
and  which  was  expressed  in  the  name  at  first  designed  for  the  work.  The  intention 
of  the  Editor  was  to  call  it  a  '  Dictionary  of  Scientific  Terms,'  and  to  limit  its  con- 
tents to  a  brief  explanation  of  an  exhaustive  list  of  Scientific  words  ;  but  after  mature 
consideration  it  was  thought  desirable,  in  carrying  the  design  into  execution,  to  limit 
the  number  of  words  included  in  the  Dictionary,  and  by  extending  the  length  of  par- 
ticular articles  to  make  it  a  readable  book,  rather  than  a  mere  work  of  reference.  In 
the  present  edition  it  has  been  the  object  of  the  Editors,  while  retaining  the  readable 
character  of  the  work,  to  diminish  the  extreme  length  of  some  of  the  articles,  and  to 
increase  their  number ;  but  the  total  quantity  of  matter  contained  in  the  New  Edition 
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is  considerably  increased.  It  has  been  found  that,  in  many  branches  of  Science,  and 
especially  in  Mathematics,  Physics,  Geology,  Mineralogy,  and  Botany,  the  omission 
of  terms  now  in  common  use,  which  are  requisite  for  students  and  collectors,  some- 
what lessened  the  utility  of  the  work.  A  large  number  of  new  articles  have  therefore 
been  added  in  the  present  edition,  and  the  whole  has  been  brought,  as  closely  as 
possible,  up  to  the  present  time.  It  is  not  pretended,  and  indeed  it  would  be  im- 
possible, to  include  all  the  terms  employed  in  any  branch  of  science,  but  it  is  believed 
that  the  omissions  are  few  and  unimportant,  and  that,  practically,  a  sufficient  number 
are  included  to  meet  the  requirements  of  the  general  reader  and  the  non-professional 
student.  The  progress  of  historical  criticism,  and  of  the  Sciences  of  Comparative 
Philology  and  Mythology,  haa  rendered  it  necessary  to  re-write  the  articles  which 
treated  of  these  subjects,  and  to  add  many  new  ones.  In  assigning  derivations,  the 
Editors  have  sought  chiefly  to  avoid  guess-work ;  but  the  principles  which  have 
guided  them  in  this  part  of  their  task  are  given  in  detail  in  the  general  preface  to  the 
work. 

A  larger  and  more  legible  type  has  been  adopted  than  that  of  the  previous  editions  ; 
but  although  the  size  of  the  work  has  been  thereby,  and  by  the  large  accretion  of  new 
matter,  extended  to  three  volumes,  the  price  is  noc  increased. 
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work  (as  above).  Square  12mo.  8s.  Gd. 

A  Greek-English  Lexicon.  Com- 
piled by  H.  G.  LIDDEI.L,  D.D.  Dean  of 
Christ  Church,  and  R.  SCOTT,  D.D.  Master 
of  Balliol.  Fifth  Edition.  Crown  4to.  3Js.6rf. 
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A  Lexicon,   Greek  and  English, 

abridged  for   Schools    from   LIDDELL   and 
SCOTT'S    Greek-English    Lexicon.     Twelfth    j 
Edition.  Square  12mo.  7s.  Gd. 

A   Practical    Dictionary   of   the 

French  and  English  Languages.     By  Pro- 
fessor   LEGS    CONTANSEAU,    many    years    ! 
French   Examiner  for    Military   and  Civil    j 
Appointments,  &c.   New  Edition,  carefully    j 
revised.    Post  8vo.  10s.  Gd. 
Contanseau's        Pocket      Dictionary, 
French    and    English,   abridged  from   the 
above  by  the  Author.    New  Edition.   18mo. 
price  3s.  Gd. 


A  Sanskrit-English   Dictionary, 

The  Sanskrit  words  printed  both  in  the 
original  Devanagari  and  in  Roman  letters  ; 
with  References  to  the  Best  Editions  of 
Sanskrit  Authors,  and  with  Etymologies 
and  comparisons  of  Cognate  Words  chiefly 
in  Greek,  Latin,  Gothic,  and  Anglo-Saxon. 
Compiled  by  T.  BENFEY.  8vo.  52s.  Gd. 

New  Practical  Dictionary  of  the 

German  Language ;  German-English,  and 
English-German.  By  the  Rev.  W.  L. 
BLACKLEY,  M.A.  and  Dr.  CARL  MARTIN 
FRIEDLANDER.  Post  8vo.  7s.  Gd. 


Miscellaneous  Works  and  Popular  Metaphysics. 


The  Essays  and  Contributions  of 

A.  K.  H.  B.  Author  of  '  The  Recreations  of 
a  Country  Parson.'  Uniform  Editions  :— 

Recreations  of  a  Country  Parson. 
FIRST  and  SECOND  SERIES,  3s.  6d.  each. 

The  Commonplace  Philosopher  in 
Town  and  Country.  Crown  8vo.  3*.  6rf. 

Leisure  Hours  in  Town ;  Essays  Consola- 
tory, ^Esthetical,  Moral,  Social,  and  Domestic- 
Crown  8vo.  3*.  Gd. 

The  Autumn  Holidays  of  a  Country 
Parson.  Crown  8vo.  3s.  Gd. 

The   Graver   Thoughts  of  a    Country 

Parson.    FIRST  and  SECOND  SERIES,  crown 

8vo.  3s.  Gd.  each. 
Critical  Essays  of  a  Country  Parson, 

selected  from  Essays  contributed  to  Eraser's 

Magazine.    Crown  8vo.  3s.  Gd. 
Sunday    Afternoons     at     the     Parish 

Church    of    a    Scottish    University   City. 

Crown  8vo.  3s.  Gd. 
Lessons    of     Middle     Age,    with    some 

Account    of     various     Cities    and    Men. 

Crown  8vo.  3s.  Gd. 

Counsel  and  Comfort  Spoken  from  a 
City  Pulpit.  Crown  8vo.  3s.  Gd. 

Changed  Aspects  of  Unchanged 
Truths ;  Memorials  of  St.  Andrews  Sundays. 
Crown  8vo.  3s.  Gd. 

Short  Studies  on^Grreat  Subjects. 

By  JAMES  ANTHONY  FROUUE,  M.A.  late 
Fellow  of  Exeter  College,  Oxford.  Third 
Edition.  8vo.  12s. 

Lord   Macaulay's  Miscellaneous 

'     Writings  :— 

LIBRARY  EDITION,  2  vols.  8vo.  Portrait,  21s. 

PEOPLE'S  EDITION,  1  vol.  crown  8vo.  4s.  Gd. 


The  Rev.  Sydney  Smith's  Mis- 
cellaneous Works;  including  his  Contribu- 
tions to  the  Edinburgh  Review.  People's 
Edition,  2  vols.  crown  8vo.  8s. 

The  Wit  and  "Wisdom  of  the  Her. 
SYDNEY  SMITH:  a  Selection  of  the  most 
memorable  Passages  in  his  Writings  and 
Conversation.  16mo.  os. 

Epigrams,  Ancient  and  Modern : 

Humorous,  Witty,  Satirical,  Moral  and 
Panegyrical.  Edited  by  Rev.  JOHN  BOOTH, 
B.A.  Cambridge.  Second  Edition,  revised 
and  enlarged.  Fcp.  7s.  Gd. 

The  Polk-Lore  of  the  Northern 

Counties  of  England  and  the  Borders.  By 
WILLIAM  HENDERSON.  With  an  Appendix 
on  Household  Stories  by  the  Rev.  S. 
BARING-GOULD.  Crown  8vo.  9s.  Gd. 

The   Silver  Store.     Collected   from 

Mediaeval  Christian  and  Jewish  Mines.  By 
the  Rev.  S.  BARING-GOULD,  M.A.  Crown 
8vo.  6s. 

The  Pedigree  of  the  English  Peo- 
ple ;  an  Argument,  Historical  and  Scientific, 
on  the  Ethnology  of  the  English.  By  THO- 
MAS NICHOLAS,  M.A.  Ph.D.  8vo.  16s. 

The  English  and  their  Origin :  a 

Prologue  to  authentic  English  History.  By 
LUKE  OWEN  PIKE,  M.A.  Barrister-at-Law. 
8vo.  9s. 

Essays  selected  from  Contribu- 
tions to  the  Edinburgh  Review.  By  HENRY 
ROGERS.  Second  Edition.  3  vols.  fcp.  21s. 

Reason  and  IFaith,  their  Claims  and 
Conflicts.  By  the  same  Author.  New 
Edition,  revised  and  extended.  Crown  8vo. 
price  6s.  Gd. 
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The  Eclipse  of  Faith ;  or,  a  Visit  to  a 

Religious   Sceptic.       By   HEXKY   ROGERS. 

Eleventh  Edition.     Fcp.  Js. 

Defence  of  the  Eclipse  of  Faith.,  by  its 
Author.  Third  Edition.  1-Vp.  3s.  Gd. 

Selections  from  the  Correspondence 
of  R.  E.  H.  Greyson.  By  the  same  Author. 
Third  Edition.  '  Crown  8vo.  Is.  Gd. 

Chips  from  a  German  Workshop ; 

being  Essays  on  the  Science  of  Religion, 
and  on  Mythology.  Traditions,  and  Customs. 
By  MAX  MULLER,  M.A.  Fellow  of  All  Souls 
College,  Oxford.  Second  Edition,  revised, 
with  an  INDEX.  2  vols.  8vo.  2Js. 

Word  Gossip;  a  Series  of  Familiar 
Essays  on  Words  and  their  Peculiarities. 
By  the  Rev.  W.  L.  BLACKLEY,  M.A.  Fcp. 
8vo.  5s. 

An  Introduction  to  Mental  Phi- 
losophy, on  the  Inductive  Method.  By 
J.  D.  MORELL,  M.A.  LL.D.  8vo.  12s. 

Elements  of  Psychology,  containing  the 
Analysis  of  the  Intellectual  Powers.  By 
the  same  Author.  Post  8vo.  7s.  Gd. 


The    Secret   of   Hegel:   being  the 

Hegelian  System  in  Origin,  Principle,  Form, 
and  Matter.  By  JAMES  HUTCHISON  STIR- 
LING. 2  vols.  8vo.  28s. 

The    Senses   and  the    Intellect. 

By  ALEXANDER  BAIN,  M.A.  Prof,  of  Logic 

in  the  Univ.  of  Aberdeen.     Third  Edition. 

8vo.  los. 
The    Emotions  and    the  "Will,    by  the 

same  Author.     Second  Edition.     8vo.  15*. 
On  the   Study  of  Character,  including 

an  Estimate  of  Phrenology.    By  the  same 

Author.    8vo.  9s. 

Mental  and  Moral    Science :    a 

Compendium  of  Psychology  and  Ethics. 
By  the  same  Author.  Second  Edition. 
Crown  8vo.  10s.  Gd. 

The  Philosophy  of  Necessity;  or, 

Natural  Law  as  applicable  to  Mental,  Moral, 
and  Social  Science.  By  CHARLES  BRAY. 
Second  Edition.  8vo.  9s. 

The  Education  of  the  Feelings  and 
Affections.  By  the  same  Author.  Third 
Edition.  8vo.  3s.  Gd. 

On  Force,  its  Mental  and  Moral  Corre- 
lates. Bv  the  same  Author.  8vo.  5s. 


Astronomy,  Meteorology,  Popular  Geography,  fyc. 


Outlines  of   Astronomy.     By  Sir 

J.  F.  W.  HERSCHEL,  Bart.  M.A.  Ninth 
Edition,  revised ;  with  Plates  and  Woodcuts. 
8vo.  18s. 

Saturn  and  its  System.    By  EICH- 

ARD  A.  PROCTOR,  B.A.  late  Scholar  of  St. 
John's  Coll.  Carnb.  and  King's  Coll.  London. 
8vo.  with  14  Plates,  14s. 
The  Handbook  of  the  Stars.  By  the  same 
Author.  Square  fcp.  8vo.  with  3  Maps, 
price  5s.  , 

Celestial    Objects    for    Common 

Telescopes.    By  T.  W.  WEBB,  M.A.  F.R.A.S. 

Second  Edition,  revised  and  enlarged,  with 
Map  of  the  Moon  and  Woodcuts.  16mo. 
price  7s.  Gd. 

Navigation  and  Nautical  As- 
tronomy (Practical,  Theoretical,  Scientific) 
for  the  use  of  Students  and  Practical  Men. 
By  J.  MERRIFIELD,  F.R.A.S.  and  H. 
EVERS.  8vo.  14s. 

A  General  Dictionary  of  Geo- 
graphy, Descriptive,  Physical,  Statistical, 
and  Historical  ;  forming  a  complete 
Gazetteer  of  the  World.  By  A.  KEITH 
JOHNSTON,  F.R.S.E.  New  Edition.  8ro. 
price  31s.  Gd. 


M'CuUoch's  Dictionary,  Geogra- 
phical, Statistical,  and  Historical,  of  the 
various  Countries,  Places,  and  principal 
Natural  Objects  in  the  World.  Revised 
Edition,  with  the  Statistical  Information 
throughout  brought  up  to  the  latest  returns. 
By  FREDERICK  MARTIN.  4  vols.  8vo.  with 
coloured  Maps,  £4  4s. 

A  Manual  of  Geography,  Physical, 

Industrial,  and  Political.  By  W.  HUGHES, 
F.R.G.S.  Prof,  of  Geog.  in  King's  Coll.  and  in 
Queen's  Coll.  Lond.  With  6  Maps.  Fcp.  7s.  Gd. 

The  States  of  the  River  Plate: 

their  Industries  and  Commerce,  Sheep 
Farming,  Sheep  Breeding,  Cattle  Feeding, 
and  Meat  Preserving  ;  the  Employment  of 
Capital,  Land  and  Stock  and  their  Values 
Labour  and  its  Remuneration.  By  WILFRID 
LATHAM,  Buenos  Ayres.  Second  Edition. 
8vo.  12s. 

Maunder's  Treasury  of  Geogra- 

phv,  Physical,  Historical,  Descriptive,  and 
Political.  Edited  by  W.  HUGHES,  F.R.G.S. 
With  7  Maps  and  16  Plates.  Fcp.  10s.  6d 

Physical  Geography  for  Schools 

and  General  Readers.  By  M.  F.  MAUBY 
LL.D.  Fcp.  with  2  Charts,  2s.  Gd. 
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Elementary  Treatise  on  Physics, 

Experimental  and  Applied,  for  the  use  of 
Colleges  and  Schools.  Translated  and  indited 
from  GANOT'S  '  Elements  cle  Physique ' 
(with  the  Author's  sanction)  by  E.  ATKIN- 
SON, Ph.D.  F.C.S.  New  Edition,  revised 
and  enlarged;  with  a  Coloured  Plate  and 
620  Woodcuts.  Post  8vo.  15s. 

The    Elements    of     Physics    or 

Natural  Philosophy.  By  NEIL  ARNOTT, 
M.D.  F.R.S.  Physician-Extraordinaiy  to 
the  Queen.  Sixth  Edition,  re-written  and 
completed.  2  Parts,  8vo.  21s. 

Dove's  Law  Of  Storms,  considered  in 
connexion  with  the  ordinary  Movements  of 
the  Atmosphere.  Translated  by  R.  H. 
SCOTT,  M.A.  T.C.D.  8vo.  10s.  Gd. 

Sound :  a  Course  of  Eight  Lectures  de- 
livered at  the  Royal  Institution  of  (Jreat 
Britain.  By  Professor  JOHN  TYXDALL, 
LL.D.  F.R.S.  Crown  8vo.  with  Portrait 
and  Woodcuts,  9*. 

Heat  Considered  as  a  Mode  of 

Motion.  By  Professor  JOHN  TYNDALL, 
LL.D.  F.R.S.  Third  Edition.  Crown  8vo. 
with  Woodcuts,  10s.  Gd. 

Light :  its  Influence  on  Life  and  Health. 
By  FOHIJES  WINSLOW,  M.D.  D.C.L.  Oxon. 
(Hon.)  Fcp.  8vo.  6s. 

An  Essay  On  Dew,  and  several  Ap- 
pearances connected  with  it.  By  W.  C. 
WELLS.  Edited,  with  Annotations,  by  L. 
P.  CASELLA,  F.R.A.S.  and  an  Appendix  by 
R.  STRACHAN,  F.M.S.  8vo.  5s. 

A  Treatise  on  the  Action  of  Vis 

Inertia?  in  the  Ocean ;  with  Remarks  on 
the  Abstract  Nature  of  the  Forces  of  Vis 
Inertia}  and  Gravitation,  and  a  New  Theory 
of  the  Tides.  By  W.  L.  JORDAN,  F.R.G.S. 
with  Charts  and  Diagrams.  8vo.  14s. 

A    Treatise    on    Electricity,    in 

Theory  and  Practice.  By  A.  DK  LA  RIVE, 
Prof,  in  the  Academy  of  Geneva.  Trans- 
lated by  C.  V.  WALKER,  F.R.S.  3  vols. 
8vo.  with  Woodcuts,  £3  13s. 

A  Preliminary  Discourse  on  the 

Study  of  Natural  Philosophy.  By  Sir 
JOHN  F.  W.  HEKSCHEL,  Bart.  Revised 
Edition,  with  Vignette  Title.  Fcp.  3s.  Gd. 

The  Correlation  of  Physical 
Forces.  By  W.  R.  GROVE,  Q.C.  V.P.R.S. 
Fifth  Edition,  revised,  and  Augmented  by  a 
Discourse  on  Continuity.  8vo.  10s.  Gd. 
The  Discourse  on  Continuity,  separately,  | 
price  2*.  6d, 


Manual  of  Geology.  ByS.  HAURHTON, 
M.D.  F.R.S.  Fellow  of  Trin.  Coll.  and  Prof, 
of  Geol.  in  the  Univ.  of  Dublin.  Second 
Edition,  with  66  Woodcuts.  Fcp.  Is.  Gd. 

A  Guide  to  Geology.  By  J.  PHILLIPS, 
M.A.  Prof,  of  Geol.  in  the  Univ.  of  Oxford. 
Fifth  Edition.  Fcp.  4s. 

The  Student's  Manual  of  Zoology 

and  Comparative  Physiology.  Bv  J.  BUK- 
XEY  YKO,  M.B.  Resident "  Medical  Tutor 
and  Lecturer  on  Animal  Physiology  in 
King's  College,  London.  [Nearly  ready. 

Van  Der  Hoeven's  Handbook  of 

ZOOLOGY.  Translated  from  the  Second 
Dutch  Edition  by  the  Rev.  W.  CLARK, 
M.D.  F.R.S.  2  vols.  8vo.  with  24  Plates  of 
Figures,  60s. 

Professor    Owen's    Lectures    on 

the  Comparative  Anatomy  and  Physiology 
of  the  Invertebrate  Animals.  Second 
Edition,  with  235  Woodcuts.  8vo.  21s. 

The  Comparative  Anatomy  and 

Physiology  of  the  Vertebrate  Animals.  By 
RICHARD  OWEN,  F.R.S.  D.C.L.  With 
1,472  Woodcuts.  3  vols.  8vo.  £3  13s.  Gd. 

The  First  Man  and  his  Place  in 

Creation,  considered  on  the  Principles  of 
Common  Sense  from  a  Christian  Point  of 
View ;  with  an  Appendix  on  the  Negro. 
By  GEOKHE  MOORK,  M.D.  M.R.C.P.L.  &c. 
Post  8vo.  8s.  Gd. 

The    Primitive    Inhabitants    of 

Scandinavia.  Containing  a  Description  of 
the  Implements,  Dwellings,  Tombs,  and 
Mode  of  Living  of  the  Savages  in  the  North 
of  Europe  during  the  Stone  Age.  By  SVF.N 
NILSSON.  Translated  from  the  Third  Edi- 
tion ;  and  edited,  with  an  Introduction,  by 
'  Sir  JOHN  LUBBOCK.  With  16  Plates  of 
Figures  and  3  Woodcuts.  8vo.  18s. 

Homes  without  Hands:  a  Descrip- 
tion of  the  Habitations  of  Animals,  classed 
according  to  their  Principle  of  Construction. 
By  Rev.  J.  G.  WOOD,  M.A.  F.L.S.  Witli 
about  140  Vignettes  on  Wood  (20  full  size 
of  page).  New  Edition.  8vo.  21s. 

Bible  Animals;  being  an  Account  of 
the  various  Birds,  Beasts,  Fishes,  and  other 
Animals  mentioned  in  the  Holy  Scriptures. 
By  the  Rev.  J.  G.  WOOD,  M.A.  F.L.S. 
Copiously  Illustrated  with  Original  Designs, 
made  under  the  Author's  superintendence 
and  engraved  on  Wood.  In  course  of  pub- 
lication monthly,  to  be  completed  in  Twenty 
Parts,  price  ONE  SHILLING  each. 
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The   Harmonies  of  Nature  and   '. 

Unity  of  Creation.  By  Dr.  G.  HARTWIG. 
8vo.  with  numerous  Illustrations,  18s. 

The  Sea  and  its  Living  Wonders.     By 

the  same  Author.  Third  Edition,  enlarged. 
8vo.  with  many  Illustrations,  21*. 

The  Tropical  World.  By  the  same  Author. 
With  8  Chrouioxylographs  and  172  Wood- 
cuts. 8vo.  21s. 

The  Polar  World :  a  Popular  Description  of 
Man  and  Nature  in  the  Arctic  and  Antarctic 
Eegions  of  the  Globe.  By  the  same  Author. 
With  8  Chromoxylographs,  3  Maps,  and  85 
Woodcuts.  8vo.  21s. 

Ceylon.  By  Sir  J.  EMERSON  TENNENT, 
K.C.S.  LL.D.  5th  Edition  ;  with  Maps,  &c. 
and  90  Wood  Engravings.  2  vols.  8vo. 
£2  10s. 

Manual  of  Corals  and  Sea  Jellies. 
By  J.  R.  GREENE,  B.A.  Edited  by  J.  A. 
GALBRAITH,  M.A.  and  S.  HAUGHTON,  M.D. 
Fcp.  with  39  Woodcuts,  5s. 

Manual  of  Sponges  and  Animalcules  ; 
with  a  General  Introduction  on  the  Princi- 
ples of  Zoology.  By  the  same  Author  and 
Editors.  Fcp.  with  16  Woodcuts,  2s. 

Manual  of  the  Metalloids.  By  J.  APJOHN, 
M.D.  F.R.S.  and  the  same  Editors.  2nd 
Edition.  Fcp.  with  38  Woodcuts,  7s.  6d. 

A    Familiar    History   of    Birds. 

By  E.  STANLEY,  D.D.  late  Lord  Bishop  of 
Norwich.  Fcp.  with  Woodcuts,  3s.  Qd. 

Kirby  and  Spence's  Introduction 

to  Entomology,  or  Elements  of  the  Natural 
History  of  Insects.  Crown  8vo.  5s. 

Maunder's  Treasury  of  Natural 

History,  or  Popular  Dictionary  of  Zoology. 
Revised  and  corrected  by  T.  S.  COBBOLD, 
M.D.  Fcp.  with  900  Woodcuts,  10s.  6d. 


The    Elements    of    Botany    for 

Families  and  Schools.  Tenth  Edition,  re- 
vised by  THOMAS  MOORE,  F.L.S.  Fcp. 
with  154  Woodcuts,  2s.  Gd. 

The    Treasury    of    Botany,     or 

Popular  Dictionary  of  the  Vegetable  King- 
dom ;  with  which  is  incorporated  a  Glos- 
sary of  Botanical  Terms.  Edited  by 
J.  LINDLEY,  F.R.S.  and  T.  MOORE,  F.L.S. 
assisted  by  eminent  Contributors.  Pp. 
1,274,  with  274  Woodcuts  and  20  Steel 
Plates.  Two  PARTS,  fcp.  8vo.  20s. 

The  British  Flora ;  comprising  the 

Phsenogamous  or  Flowering  Plants  and  the 
Ferns.  By  Sir  W.  J.  HOOKER,  K.H.  and 
G.  A.  WALKER-ARKOTT,  LL.D.  12mo. 
with  12  Plates,  14s.  or  coloured,  21s. 

The  Rose  Amateur's  Guide.  By 
THOMAS  RIVERS.  New  Edition.  Fcp.  4s. 

Loudon's  Encyclopaedia  of  Plants ; 

comprising  the  Specific  Character,  Descrip- 
tion, Culture,  History,  &c.  of  all  the  Plants 
found  in  Great  Britain.  With  upwards  of 
12,000  Woodcuts.  8vo.  42s. 

Maunder's  Scientific  and  Lite- 
rary Treasury ;  a  Popular  Encyclopaedia  of 
Science,  Literature,  and  Art.  New  Edition, 
thoroughly  revised  and  in  great  part  re- 
written, with  above  1,000  new  articles,  by 
J.  Y.  JOHNSON,  Corr.  M.Z.S.  Fcp.  10s.  Qd. 

A  Dictionary  of  Science,  Litera- 
ture, and  Art.  Fourth  Edition,  re-edited 
by  the  late  W.  T.  BRANDE  (the  Author) 
and  GEORGE  W.  Cox,  M.A.  3  vols.  medium 
8vo.  price  63s.  cloth. 

The  Quarterly  Journal  of  Science. 

Edited  by  JAMES  SAMUELSON  and  WILLIAM 
CROOKES,  F.R.S.  Published  quarterly  in 
January,  April,  July,  and  October.  8vo. 
with  Illustrations,  price  5s.  each  Number. 


Chemistry,  Medicine,  Surgery,  and  the  Allied  Sciences. 


A  Dictionary  of  Chemistry  and 

the  Allied  Branches  of  other  Sciences.  By 
HENRY  WATTS,  F.C.S.  assisted  by  eminent 
Scientific  and  Practical  Chemists.  5  vols. 
medium  8vo.  price  £7  3s. 

Handbook  of  Chemical  Analysis, 

adapted  to  the  Unitary  System  of  Notation. 
By  F.  T.  CONINGTON,  M.A.  F.C.S.  Post 
8vo.  7s.  Gd. 

Conington's     Tables     of     Qualitative 
Analysis,  to  accompany  the  above,  2s.  Qd. 


Elements  of  Chemistry,  Theore- 
tical and  Practical.  By  WILLIAM  A. 
MILLER,  M.D.  LL.D.  Professor  of  Chemis- 
try, King's  College,  London.  Revised  Edi- 
tion. 3  vols.  8vo.  £3. 

PART  I.  CHEMICAL  PHYSICS,  15s. 

PART  II.  INORGANIC  CHEMISTRY,  21s. 
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Treatment  of  Diseases  of  Women ;  including 
the  Diagnosis  of  Pregnancy.  By  GKAILY 
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F.R.C.S.E.  Third  Edition,  thoroughly 
revised,  with  Additions.  Fcp.  os. 

Essays  on  Physiological  Subjects. 

By  GILBERT  W.  CHILD,  M.D.  F.L.S.  F.C.S 
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paniments,  now  first  supplied.  Each  SERIES,    | 
Sacred  and  Secular,  may  now  be  had  in  Two    . 
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and  familiar  with  Manufactures.  With 
2,000  Woodcuts.  3  vols.  medium  8vo. 
£4  14s.  Gd. 

Treatise  on  Mills  and  Millwork. 

By  W.  FAIRBAIRN,  C.E.  F.R.S.  With  18 
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The    Life    and    Epistles  of   St. 

Paul.  By  W.  J.  CONYBEARE,  M.A.  late 
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LIBRARY  EDITION,  with  all  the  Original 
Illustrations,  Maps,  Landscapes  on  Steel, 
Woodcuts,  &c.  2  vols.  4to.  48s. 

INTERMEDIATE  EDITION,  with  a  Selection 
of  Maps,  Plates,  and  Woodcuts.  2  vols. 
square  crown  8vo.  31s.  Gd. 

PEOPLE'S  EDITION,  revised  and  con- 
densed, with  40  Illustrations  and  Maps.  2 
vols.  crown  8vo.  12s. 

The  Voyage  and  Shipwreck  of 

St.  Paul ;  with  Dissertations  on  the  Ships 
and  Navigation  of  the  Ancients.  By  JAMES 
SMITH,  F.R.S.  Crown  8vo.  Charts,  10s.  Gd. 
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The  National  Church;    History 

and  Principles  of  the  Church  Polity  of 
England.  By  D.  MOCNTFIELD,  M.A. 
Rector  of  Newport,  Salop.  Crown  8vo.  4s. 

Evidence  of  the  Truth  of  the 

Christian  Ileligion  derived  from  the  Literal 
Fulfilment  of  Prophecy,  particularly  as 
Illustrated  by  the  History  of  the  Jews,  and 
the  Discoveries  of  Recent  Travellers.  By 
ALEXANDER  KEITH,  D.D.  37th  Edition, 
with  numerous  Plates,  in  square  8vo.  12s.  Gd. ; 
also  the  39th  Edition,  in  post  8vo.  with  5 
Plates,  6s. 

The  History  and  Destiny  of  the  "World 
and  of  the  Church,  according  to  Scripture. 
By  the  same  Author.  Square  8vo.  with  40 
Illustrations,  10s. 

wald's  History  of  Israel  to  the 

Death  of  Moses.  Translated  from  the  Ger- 
man. Edited,  with  a  Preface  and  an  Ap- 
pendix, by  RUSSELL  MARTINEAU,  M.A. 
Professor  of  Hebrew  in  Manchester  New 
College,  London.  Second  Edition,  continued 
to  the  Commencement  of  the  Monarchy.  2 
vols.  8vo.  24s.  VOL.  II.  comprising  Joshua 
and  Judges,  for  Purchasers  of  the  First 
Edition,  price  9s. 

The    Woman    Blessed    by    All 

Generations ;  or,  Mary  the  Object  of  Vene- 
ration, Confidence,  and  Imitation  to  all 
Christians.  By  the  Rev.  R.  MELIA,  D.D. 
P.S.M.  With  78  Illustrations.  8vo.  15s. 

Life  of  the  Blessed  Virgin :  The 

Femall  Glory.  By  ANTHONY  STAFFORD. 
Together  with  the  Apology  of  the  Anthor, 
and  an  Essay  on  the  Cultus  of  the  Blessed 
Virgin  Mary.  Fourth  Edition,  with  Fac- 
similes of  the  5  Original  Illustrations. 
Edited  by  the  Rev.  OKBY  SHIPLEY,  M.A. 
Fcp.  8vo.  10s.  Gd. 

Celebrated   Sanctuaries    of   the 

Madonna.  By  the  Rev.  J.  SPENCER  NORTH- 
COTE,  D.D.  Post  8vo.  6s.  Gd. 

A  Critical  and  Grammatical  Com- 
mentary on  St.  Paul's  Epistles.  By  C.  J. 
ELLICOTT,  D.D.  Lord  Bishop  of  Gloucester 
and  Bristol.  8vo. 

Oalatians,  Fourth  Edition,  8s.  6d. 

Ephesians,  Fourth  Edition,  8«.6d. 

Pastoral  Epistles,  Fourth  Edition,  10s.  6d. 

Philippians,  Colossians,  and  Philemon, 
Third  Edition,  10s.  Gd. 

Thessalonians,  Third  Edition,  7s.  6d. 

An  Introduction  to  the  Study  of 

the  New  Testament,  Critical,  Exegetical, 
and  Theological.  By  the  Rev.  S.  DAVIDSON, 
D.D.  LL.D.  2  volA  8vo.  30s. 


Historical  Lectures  on  the  Life  of 

Our  Lord  Jesus  Christ :  being  the  Hulsean 
Lectures  for  1859.  By  C.  J.  ELLICOTT,  D.D. 
Lord  Bishop  of  Gloucester  and  Bristol. 
Fourth  Edition.  8vo.  10s.  Gd. 

The  Destiny  of  the  Creature ;  and  other 
Sermons  preached  before  the  University  of 
Cambridge.  By  the  same.  Post  8vo.  5s. 

TheGreek  Testament;  withNotes, 

Grammatical  and  Exegetical.  By  the  Rev. 
W.  WEBSTER,  M.A.  and  the  Rev.  W.  F. 
WILKINSON,  M.A.  2  vols.  8vo.  £2  4s. 

VOL.  I.  the  Gospels  and  Acts,  20s. 

VOL.  II.  the  Epistles  and  Apocalypse,  24s. 

Rev.  T.  H.  Home's  Introduction 

to  the  Critical  Study  and  Knowledge  of  the 
Holy  Scriptures.  Twelfth  Edition,  as  last 
revised  throughout  and  brought  up  to  the 
existing  State  of  Biblical  Knowledge :  under 
careful  editorial  revision.  With  4  Maps 
and  22  Woodcuts  and  Facsimiles.  4  vols. 
8vo.  42s. 

Rev.  T.  H.  Home's  Compendious  In- 
troduction to  the  Study  of  the  Bible,  being 
an  Analysis  of  the  larger  work  b}'  the  same 
Author.  Re-edited  by  the  Rev.  JOHN  AYRE, 
M.A.  With  Maps,  &c.  Post  8vo.  6s. 

The  Treasury  of  Bible  Know- 
ledge ;  being  a  Dictionary  of  the  Books, 
Persons,  Places,  Events,  and  other  Matters 
of  which  mention  is  made  in  Holy  Scrip- 
ture;  Intended  to  establish  its  Authority 
and  illustrate  its  Contents.  By  Rev.  J. 
AYRE,  M.A.  With  Maps,  15  Plates,  and 
numerous  Woodcuts.  Fcp.  10s.  Gd. 

The  Churchman's  Daily  Remem- 
brancer of  Doctrine  and  Duty :  consisting 
of  Meditations  taken  from  the  Writings  of 
Standard  Divines  from  the  Early  Days  of 
Christianity  to  the  Present  Time ;  with  a 
Preface  by  W.  R,  FREMANTLE,  M.A.  New 
Edition.  Fcp.  8vo.  6s. 

Every-day  Scripture  Difficulties 

explained  and  illustrated.  By  J.  E.  PRKS- 
COTT,  M.A.  VOL.  I.  Matthew  and  Mark ; 
VOL.  II.  Luke  and  John.  2  vols.  SYO.  price 
9s.  each. 

The    Pentateuch    and    Book  of 

Joshua  Critically  Examined.  By  the  Right 
Rev.  J.  W.  COLEKSO,  D.D.  Lord  Bishop  of 
Natal.  Crown  8vo.  price  6s. 

The  Church  and  the  World;  Three 

Series  of  Essays  on  Questions  of  the  Day, 
by  various  Writers.  Edited  by  the  Rev. 
<>i:i;y  Siiin.EY,  M.A.  FIRST  SERIES,  Third 
Edition,  15s.  SECOND  SERIES,  Second 
Edition,  15s.  THIRD  SERIES,  1868,  recently- 
published,  15*.  3  vols.  8vo.  price  45s. 
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The  Formation  of  Christendom. 

By  T.  W.  ALLIES.  PARTS  I.  and  II.  8vo. 
price  12s.  each. 

Christendom's  Divisions ;  a  Philo- 
sophical Sketch  of  the  Divisions  of  the 
Christian  Family  in  East  and  West.  By 
EDMUND  S.  FFOULKES,  formerly  Fellow  and 
Tutor  of  Jesus  Coll.  Oxford.  Post  8vo.  7s.  Gd. 

Christendom's  Divisions,  Part  II. 

Greeks  and  Latins,  being  a  History  of  their 
Dissentions  and  Overtures  for  Peace  down 
to  the  Reformation.  By  the  same  Author. 
Post  8vo.  15s. 

The  Hidden  Wisdom  of  Christ 

and  the  Key  of  Knowledge ;  or,  History  of 
the  Apocrypha.  By  ERNEST  DE  BUNSEN. 
2  vols.  8vo.  28s. 

The  Keys  of  St.  Peter ;  or,  the  House  of 
Rechab,  connected  with  the  History  of 
Symbolism  and  Idolatry.  By  the  same 
Author.  8vo.  14s. 

The  Power  of  the  Soul  over  the 

Body.  By  GEO.  MOORK,  M.D.  M.R.C.P.L. 
&c.  Sixth  Edition.  Crown  8vo.  8s.  6d. 

The  Types  Of  Genesis  briefly  con- 
sidered as  Revealing  the  Development  of 
Human  Nature.  By  ANDREW  JUKES. 
Second  Edition.  Crown  8vo.  7s.  6d. 

The  Second  Death  and  the  Restitution 
of  All  1'liings,  with  some  Preliminary  Re- 
marks on  the  Nature  and  Inspiration  of 
Holy  Scripture.  By  the  same  Author. 
Second  Edition.  Crown  8vo.  3s.  6d. 

Essays  and  Reviews.    By  the  Key. 

W.  TEMPLE,  D.D.  the  Rev.  R.  WILLIAMS, 
B.D.  the  Rev.  B.  POWELL,  M.A.  the  Rev. 
H.  B.  WILSON,  B.D.  C.  W.  GOODWIN,  M.A. 
the  Rev.  M.  PATTISON,  B.D.  and  the  Rev. 
B.  JOWETT,  M.A.  12th  Edition.  Fcp.  5s. 

Religious  Republics ;  Six  Essays  on 

Congregationalism.  By  W.  M.  FAWCETT, 
T.M.  HERBERT,  M.A.  E.  G.  HERBERT,  LL.B. 
T.  H.  PATTISON,  P.  H.  PYE-SMITH,  M.D. 
B.A.  and  J.  ANSTIE,  B.A.  8vo.  price  8s.  Gd. 

Passing   Thoughts   on   Religion. 

By  the  Author  of  'Amy  Herbert.'  New 
Edition.  Fcp.  5s. 

Self-examination  before  Confirmation. 
By  the  same  Author.  32mo.  Is.  Gd, 

Headings  for  a  Month  Preparatory  to 
Confirmation  from  Writers  of  the  Early  and 
English  Church.  By  the  same.  Fcp.  4s. 

Headings  for  Every  Day  in  Lent,  com- 
piled from  the  Writings  of  Bishop  JEREMY 
TAYLOR.  By  the  same.  Fcp.  5s. 

Preparation  for  the  Holy  Communion; 
the  Devotions  chiefly  from  the  works  of 
JEREMY  TAYLOR.  By  the  same.  32mo.  3s. 


Bishop  Jeremy  Taylor's  Entire 

Works:  with  Life  by  BISHOP  HKBEK. 
Revised  and  corrected  by  the  Rev.  C.  P. 
EDEN.  10  vols.  £5  5s. 

England  and  Christendom.     By 

ARCHBISHOP  MANNING,  D.D.  Post  8v; 
price  10».  Gd. 

Principles  of  Education  drawn 

from  Nature  and  Revelation,  and  Applied 
to  Female  Education  in  the  Upper  Classes. 
By  the  same.  2  vols.  fcp.  12s.  Gd. 

The  Wife's   Manual;    or,  Prayers, 

Thoughts,  and  Songs  on  Several  Occasions 
of  a  Matron's  Life.  By  the  Rev.  W.  CAL- 
VERT,  M.A.  Crown  8vo.  10s.  Gd. 

Singers  and  Songs  of  the  Church: 

being  Biographical  Sketches  of  the  Hymn- 
Writers  in  all  the  principal  Collections; 
with  Notes  on  their  Psalms  and  Hymns. 
By  JOSIAH  MILLER,  M.A.  New  Edition, 
enlarged.  Crown  8vo.  [Nearly  ready. 

\  Lyra  Domestica  ;  Christian  Songs  for 
Domestic  Edification.  Translated  from  the 
Psaltery  and  Harp  of  C.  J.  P.  SPITTA,  and 
from  other  sources,  by  RICHARD  MASSIE. 
FIRST  and  SECOND  SERIES,  fcp.  4s.  Gd.  each. 

*  Spiritual  Songs '  for  the  Sundays 

and  Holidays  throughout  the  Year.  By 
J.  S.  B.  MONSELL,  LL.D.  Vicar  of  Egham 
and  Rural  Dean.  Fourth  Edition,  Sixth 
Thousand.  Fcp.  price  4s.  Gd. 

The  Beatitudes:  Abasement  before  God: 
Sorrow  for  Sin ;  Meekness  of  Spirit ;  Desire 
for  Holiness ;  Gentleness  ;  Purity  of  Heart ; 
the  Peace-makers  ;  Sufferings  for  Christ 
By  the  same  Author.  Third  Edition,  re- 
vised. Fcp.  3s.  Gd. 

His  Presence  not  his  Memory,  1855. 
By  the  same  Author,  in  memory  of  his  SON 
Sixth  Edition.  16nio.  Is. 

Lyra  G-ermanica,  translated  from  the 
German  by  Miss  C.  WINKWORTH.  FIRST 
SERIES,  Hymns  for  the  Sundays  and  Chief 
Festivals ;  SECOND  SERIES,  the  Christian 
Life.  Fcp.  3s.  Gd.  each  SERIES. 

Lyra    Eucharistica  ;    Hymns  and 

Verses  on  the  Holy  Communion,  Ancient 
and  Modern :  with  other  Poems.  Edited  by 
the  Rev.  ORBY  SHIPLEY,  M.A.  Second 
Edition.  Fcp.  7s.  Gd. 

By  the  same  Editor. 
Lyra  Messianica.  Fcp.  7s.  Gd. 
Lyra  Mystiea.  Fcp.  7s.  Gd. 
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Palm  Leaves :  Sacred  Poems  selected 
and  translated  from  the  German  of  KARL 
GEEOK.  By  CATHERINE  WINKWORTH. 

[_In  the  press. 

Endeavours  after  the   Christian 

Life:  Discourses.  By  JAMES  MAUTINKAU. 
Fourth  and  Cheaper  Edition,  carefully  re- 
vised ;  the  Two  Series  complete  in  One 
Volume.  Post  8vo.  7s.  6d. 


Invocation  of  Saints ;  a  Journal  of 

Devotions  for  the  use  of  Members  of  the 
English  Church.  Edited  by  the  Rev.  OEBY 
SHIPLEY,  M.A.  [In  the  press. 

Introductory     Lessons    on    the 

History  of  Religious  Worship  ;  being  a 
Sequel  to  the  same  Author's  'Lessons  on 
Christian  Evidences.'  By  RICHARD 
WHATELY,D.D.  New  Edition.  18mo.2s.6<A 


Travels,   Voyages, 


Six  Months  in  India.  By  MAKY 
CARPENTER.  2  vols.  post  8vo.  with  Por- 
trait, 18s. 

Letters  from  Australia,  comprising 

the  Voyage  Outwards,  Melbourne,  Ballarat, 
Squatting  in  Victoria,  Tasmania,  Sydney,&c. 
By  JOHN  MARTINEAU.  [Nearly  ready. 

Cadore  or  Titian's  Country.  By 
JOSIAH  GILBERT,  one  of  the  Authors  of  the 
'  Dolomite  Mountains,  or  Excursions  through 
Tyrol,  Carinthia,  Carniola,  and  Friuli."  In 
One  Volume  with  numerous  Illustrations 
and  a  Facsimile  of  Titian's  Original  Design 
for  his  Picture  of  the  Battle  of  Cadore. 

[Nearly  ready. 

The  Dolomite  Mountains.  Excur- 
sions through  Tyrol,  Carinthia,  Carniola, 
and  Friuli.  By  J.  GILBERT  and  G.  C. 
CHURCHILL,  F.R.G.S.  With  numerous 
Illustrations.  Square  crown  8vo.  21s. 

Pictures  in  Tyrol  and  Elsewhere. 

From  a  Family  Sketch-Book.  By  the 
Author  of  'A  Voyage  en  Zigzag,'  &c. 
Second  Edition.  4to.  with  many  Illustra- 
tions, 21s. 

How  we  Spent  the  Summer;  or, 

a  Voyage  en  Zigzag  in  Switzerland  and 
Tyrol  with  some  Members  of  the  ALPINE 
CLUB.  From  the  Sketch-Book  of  one  of  the 
Party.  Third  Edition,  re-drawn.  In  oblong 
4to.  with  about  300  Illustrations,  15s. 

Beaten  Tracks;  or,  Pen  and  Pencil 

Sketches  in  Italy.  By  the  Authoress  of 
'A  Voyage  en  Zigzag.'  With  42  Plates, 
containing  about  200  Sketches  from  Draw- 
ings made  on  the  Spot.  8vo.  16s. 

Map  of  the  Chain  of  Mont  Blanc, 

from  an  actual  Survey  in  1863 — 1864.  By 
A.  ADAMS-REILLY,  F.R.G.S.  M.A.C.  Pub- 
lished under  the  Authority  of  the  Alpine 
Club.  In  Chromolithography  on  extra  stout 
drawing  paper  28in.  x  17in.  price  10s.  or 
mounted  on  canvas  in  a  folding  case,  12s.  Qd. 


History     of    Discovery    in    our 

Australasian  Colonies,  Australia,  Tasmania, 
and  New  Zealand,  from  the  Earliest  Date  to 
the  Present  Day.  By  WILLIAM  HOWITT. 
With  3  Maps  of  the  Recent  Explorations 
from  Official  Sources.  2  vols.  8vo.  20s. 

The   Capital   of  the  Tycoon ;   a 

Narrative  of  a  3  Years'  Residence  in  Japan. 
By  Sir  RUTHERFORD  ALCOCK,  K.C.B. 
2  vols.  8vo.  with  numerous  Illustrations,  42s. 

The    Worth- West    Peninsula    of 

Iceland ;  being  the  Journal  of  a  Tour  in 
Iceland  in  the  Summer  of  1862.  By  C.  W. 
SHEPHERD,  M.A.  F.Z.S.  With  a  Map  and 
Two  Illustrations.  Fop.  8vo.  7s.  6d. 

Guide  to  the  Pyrenees,  for  the  use 

of  Mountaineers.  By  CHARLES  PACKE. 
Second  Edition,  with  Maps,  &c.  and  Appen- 
dix. Crown  8vo.  7s  6d. 

The  Alpine  Guide.     By  JOHN  BALL, 

M.R.I.A.  late  President  of  the  Alpine  Club. 

Post  8vo.  with  Maps  and  other  Illustrations. 
Guide  to  the  Eastern  Alps,  price  I0*.6rf. 
Guide  to  the  Western  Alps,  including 

Mont   Blanc,   Monte    Rosa,    Zermatt,    &c. 

price  6s.  M. 

Guide  to  the  Central  Alps,  including 
all  the  Oberland  District,  price  7s.  Gd. 

Introduction  on  Alpine  Travelling  in 
general,  and  on  the  Geology  of  the  Alps, 
price  Is.  Either  of  the  Three  Volumes  or 
Parts  of  the  Alpine  Guide  may  be  had  with 
this  INTRODUCTION  prefixed,  price  Is.  extra 

Roma  Sotterranea;   or,  an  Account 

of  the  Roman  Catacombs,  and  especially  of 
the  Cemetery  of  St.  Callixtus.  Compiled 
from  the  Works  of  Commendatore  G.  B. 
DE  Rossi,  with  the  consent  of  the  Author, 
by  the  Rev.  J.  S.  NORTHCOTE,  D.D.  and  the 
Rev.  W.  B.  BROWXLOW.  With  numerous 
Engravings  on  Wood,  10  Lithographs,  10 
Plates  in  Chromolithography,  and  an  Atlas 
of  Plans,  all  executed  in  Rome  under  the 
Author's  superintendence  for  this  Trans- 
lation. 1  vol.  8vo.  [Nearly  ready. 
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The  Irish  in  America.     By  JOHN 

FRANCIS  MAGUIRE,  M.P.  for  Cork.  Post 
8vo.  12s.  Gd. 

Memorials  of  London  and  Lon- 
don Life  in  the  13th,  14th,  and  loth  Cen- 
turies;  being  a  Series  of  Extracts,  Local, 
Social,  and  Political,  from  the  Archives 
of  the  City  of  London,  A.D.  1276-1419. 
Selected,  translated,  and  edited  by  H.  T. 
RILEY,  M.A.  Royal  8vo.  21s. 

Commentaries   on   the   History, 

Constitution,  and  Chartered  Franchises  of 
the  City  of  London.  By  GEORGE  NORTON, 
formerly  one  of  the  Common  Pleaders  of  the 
€ity  of  London.  Third  Edition.  8vo.  14s. 

Curiosities  of  London ;    exhibiting 

the  most  Rare  and  Remarkable  Objects  of 
Interest  in  the  Metropolis ;  with  nearly 
Sixty  Years'  Personal  Recollections.  By 
JOHN  TIMES,  F.S.A.  New  Edition,  cor- 
rected and  enlarged.  8vo.  Portrait,  21s. 

The  Northern  Heights  of  Lon- 
don ;  or,  Historical  Associations  of  Hamp- 
stead,  Highgate,  Muswell  Hill,  Hornsey, 
and  Islington.  By  WILLIAM  HOWITT. 
With  about  40  Woodcuts.  Square  crown 
8m  21s. 


The     Rural    Life    of    England. 

By  the  same  Author.  With  Woodcuts  l>v 
Bewick  and  Williams.  Medium,  8vo.  12*.  Gd. 

Visits    to    Remarkable    Places: 

Old  Halls,  Battle-Fields,  and  Scenes  illus- 
trative of  striking  Passages  in  English 
History  and  Poetry.  By  the  same  Author. 
2  vols.  square  crown  8vo.  with  Wood  En- 
gravings, 25s. 

Narratives  of  Shipwrecks  of  the 

Royal  Navy  between  1793  and  1857,  com- 
piled from  Official  Documents  in  the  Ad- 
miralty by  W.  O.  S.  GILLY  ;  with  a  Preface 
by  W.  S.  GILLY,  D.D.  3rd  Edition,  fcp.  5s. 

Narrative  of  the  Euphrates  Ex- 
pedition carried  on  by  Order  of  the  British 
Government  during  the  years  1835,  1830, 
and  1837.  By  General  F.  R,  CHESNEY. 
F.R.S.  With  2  Maps,  45  Plates,  and  10 
Woodcuts.  8vo.  24s. 

Travels    in   Abyssinia    and   the 

Galla  Country  ;  with  an  Account  of  a 
Mission  to  Ras  Ali  in  1848.  From  the 
MSS.  of  the  late  W.  C.  PLOWDEN,  H.  B.  M. 
Consul  in  Abyssinia.  Edited  by  his  Brother 
T.  C.  PLOWDEN.  8vo.  with  Maps,  18s. 


Works  of  Fiction. 


The  Warden  ;  a  Novel.     By  ANTHONY 
TROLLOVE.     Crown  8vo.  2s.  Gd. 

Barchester    Towers ;    a   Sequel   to    'The 
Warden.'     Crown  8vo.  3s.  Gd. 

Stories  and  Tales  by  the  Author 

of  'Amy  Herbert,'  uniform  Edition,  each 
T;ile  or  Story  a  single  volume  : — 

AMY  HERBERT,  2s.  Gd.  KATHARINE  ASHTON, 
GERTRUDE,  2s.  M.  3s.  Gd. 

EARL'S  DAUGHTER,  MARGARET    PEIICI- 

2s.  Gd.  NAL,  5s. 

EXPERIENCE  OF  LlFE,j     LANETON     PARSON- 

2s.  6t/.  AGE,  4s.  Gd. 

CLKVE  HALL,  3s.  Gd.    I  URSULA,  4s.  Gd. 
IVORS,  3s.  Gd. 

A.  Glimpse  of  the  "World.    Fcp.  7s.  M. 
Journal  of  a  Home  Life.   Post  8vo.  9s.  Gd. 
After  Life ;  a  Sequel  to  the  'Journal  of  a  Home 

Life.'    Post  8vo.  10s  Gd. 

Uncle  Peter's  Fairy  Tale  for  the 

XlXth  Century.  Edited  by  ELIZABETH 
M.  SKWELL,  Author  of  'Amy  Herbert,'  &c. 
Kcp.  8vo.  7s.  Gd. 


Becker's  QalluS  ;  or,  Roman  Scenes  of 
the  Time  of  Augustus.    Post  8vo.  7s.  Gd. 

Becker's  Charicles :   Illustrative  of 

Private  Life  of  the  Ancient  Greeks.    Post 


Tales  of  Ancient  Greece.  By  G-KOHGK 

W.  Cox,  M.A.  late  Scholar  of  Trin.  Coll. 
Oxford.  Being  a  collective  Edition  of  the 
Author's  Classical  Series  and  Tales,  com- 
plete in  One  Volume.  Crown  8vo.  6s.  Gd. 

A  Manual  of  Mythology,  in  the 

form  of  Question  and  Answer.  By  the  Rev. 
GEORGE  W.  Cox,  M.A.  late  Scholar  of 
Trinity  College,  Oxford.  Fcp.  3s. 

Cabinet  Edition  of  Novels  and 

Tales  bv  J.  G.  WHYTE  MELVILLE  : — 


THE  GLADIATORS,  5s. 
DIGBY  GRAND,  5s. 
KATE  COVENTRY,  i 


HOLMBY  HOUSE,  5s. 
GOOD  FOR  NOTHING  6s. 
QUEEN'S  MARIES,  Gs. 


GENERAL  BOUNCE,  5s  THE  INTERPRETER, 5s. 


NEW  WOKKS  PUBLISHED  BY  LONGMANS  AND  CO. 


Poetry  and  The  Drama.. 


Thomas  Moore's  Poetical  "Works, 

the  only  Editions  containing  the  Author's 
last  Copywright  Additions  : — 

Shamrock  Edition,  price  3s.  Gd. 

Ruby  Edition,  with  Portrait,  6s. 

People's  Edition,  Portrait,  &c.  12s.  Gd. 

Library  Edition,  Portrait~&  Vignette,  14s. 

Cabinet  Edition,  10  vols.  fcp.  8vo.  35s. 

Moore's  Lalla  Rookh,  Tenniel's  Edi- 
tion, with  68  Wood  Engravings  from 
Original  Drawings  and  other  Illustrations. 
Fcp.  4to.  21*. 

Moore's   Irish  Melodies,  Maclise's 

Edition,  with  161  Steel  Plates  from  Original 
Drawings.  Super-royal  8vo.  31s.  Gd. 

Miniature  Edition  of  Moore's  Irish 
Melodies,  with  Maclise's  Illustrations  (as 
above),  reduced  in  Lithograph y.  Imp. 
16mo.  10s.  Gd. 

Southey's    Poetical  Works,  with 

the  Author's  last  Corrections  and  copywright 
Additions.  Library  Edition.  In  1  vol. 
medium  8vo.  with  Portrait  and  Vignette, 
14s.  or  in  10  vols.  fcp.  3s.  Gd.  each. 

Lays  of  Ancient  Home ;  with  ivry 

and  the  Armada.  By  the  Right  Hon.  LORD 
MACAULAY.  16mo.  4s.  Gd. 

Lord  Macaulay's  Lays  of  Ancient 
Rome.  With  90  Illustrations  on  Wood, 
Original  and  from  the  Antique,  from 
Drawings  by  G.  SCHARF.  Fcp.  4to.  21s. 

Miniature  Edition  of  Lord  Macaulay's 
Lays  of  Ancient  Rome,  with  Scharfs 
Illustrations  (as  above)  reduced  in  Litho- 
graphy. Imp.  16mo.  10s.  Gd. 

Goldsmith's  Poetical  Works,  illus- 
trated with  Wood  Engravings  from  Designs 
by  Members  of  the  ETCHING  CLUB.  Imp. 
16mo.  7s.  6d. 

Poems.  By  JEAN  IXGELOW.  Twelfth 
Edition.  Fcp.  8vo.  5s. 

Poems  by  Jean  Ingelow.  A  New  Edition, 
with  nearly  100  Illustrations  by  Eminent 
Artists,  engraved  on  Wood  by  the  Brothers 
DALZIEL.  Fcp.  4to.  21s. 

A  Story  of  Doom,  and  other  Poems.  By 
JEAN  INGELOW.  Fcp.  5s. 

Poetical  Works  of  Letitia  Eliza- 
beth Landon  (L.E.L.)  2  vols.  16mo.  10s. 

Playtime  with  the  Poets  :  a  Selec- 
tion of  the  best  English  Poetry,  for  the  use 
of  Children.  By  a  LADY.  Crown  8vo.  5s. 


Memories  of  some  Contemporary 

Poets  ;  with  Selections  from  their  Writings. 
By  EMILY  TAYLOR.  Royal  18mo.  5s. 

Bowdler's    Family    Shakspeare, 

cheaper  Genuine  Edition,  complete  in  1  vol. 
large  type,  with  36  Woodcut  Illustrations, 
price  14s.  or  in  6  pocket  vols.  3s.  Gd.  each. 

Amndines  Cami,  sive  Musarum  Can- 
tabrigiensium  Lusus  Canori.  Collegit  atquc 
edidit  H.  DRURY,  M.A.  Editio  Sexta,  cu- 
ravit  H.  J.  HODGSON,  M.A.  Crown  8vo. 
price  7s.  Gd. 

Horatii  Opera,  Pocket  Edition,  with 

carefully  corrected  Text,  Marginal  Refer- 
ences, and  Introduction.  Edited  by  the  Rev. 
J.  E.  YONGE,  M.A.  Square  18mo.  4s.  Gd. 

Horatii  Opera,  Library  Edition,  with 
Copious  English  Notes,  Marginal  References 
and  Various  Readings.  Edited  by  the  Rev. 
J.  E.  YONGE,  M.A.  8vo.  21s. 

Eight  Comedies  of  Aristophanes, 

viz.  the  Acharnians,  Knights,  Clouds 
Wasps,  Peace,  Birds,  Frogs,  find  Plutus. 
Translated  into  Rhymed  Metres  by 
LEOXARD-HAMPSON  RUDD,  M.A.  8vo.  15s. 

The  JEneid  Of  Virgil  Translated  into 
English  Verse.  By  JOHX  CONIXGTON,  M.A. 
Corpus  Professor  of  Latin  in  the  University 
of  Oxford.  Crown  8vo.  9s. 

The  Iliad  of  Homer  Translated 

into  Blank  Verse.  Bj-  ICHABOD  CHARLES 
WRIGHT,  M.A.  2  vols.  crown  8vo.  21s. 

The  Iliad  of  Homer  in  English 

Hexameter  Verse.  By  J.  HENRY  DART, 
M.A.  of  Exeter  College,  Oxford.  Square 
crown  8vo.  21s. 

The  Odyssey  of  Homer.  Translated 

into  Blank  Verse  by  G.  W.  EDGIXTON, 
Licentiate  in  Medicine.  Dedicated  by  per- 
mission to  Edward  Earl  of  Derby.  VOL.  I. 
8vo.  with  Map,  10s.  Gd. 

Dante's  Divine  Comedy,  translated 

in  English  Terza  Rima  by  JOHN  DAYMAN, 
M.A.  [With  the  Italian  Text,  after 
Brunetti,  interpaged.]  8vo.  21s. 

The  Holy  Child.    A  Poem  in  Four 

Cantos  ;  also  an  Ode  to  Silence,  and  other 
Poems.  By  S.  JENNER,  M.A.  Fcp.  8vo.  5s. 

French   Poetry,  with  English  Notes 

for  Students.  By  the  late  Professor  ,VEN- 
TOUILLAC.  Eighth  Edition.  18mo.  2s. 


NKVV  WOL'KS  i-i  .-BLisiiKD  UY  LONGMANS  AND  CO. 


The  Three  Fountains,  a  Faery  Epic 

of  Euboea  ;    with   other  Verses.      By  the 
Author  of  '  The  Afterglow.'    Fcp.  3s.  Gd. 

The  Afterglow ;  Songs  and  Sonnets  for 
my  Friends.  By  the  Author  of  '  The  Three 
Fountains.'  Second  Edition.  Fcp.  8vo.  5s. 


An  Old  Story,  and  other  Poems. 

By  ELIZABETH  D.  CROSS.    Second  Edition. 
Fcp.  8vo.  3s.  Gd. 

Hunting  Songs  and  Miscellane- 
ous Verses.  By  R.  E.  EGERTON  WARBUR- 
TON.  Second  Edition.  Fcp.  8vo.  5s. 


Rural  Sports, 


Encyclopaedia  of  Rural   Sports  ; 

a  Complete  Account,  Historical,  Practical, 
and  Descriptive,  of  Hunting,  Shooting, 
Fishing,  Racing,  &c.  By  D.  P.  BLAINE. 
With  above  600  Woodcuts  (20  from  Designs 
by  JOHN  LEECH).  8vo.  42s. 

Col.   Hawker's    Instructions    to 

Young  Sportsmen  in  all  that  relates  to  Guns 
and  Shooting.  Revised  by  the  Author's  Sox. 
Square  crown  8vo.  with  Illustrations,  18s. 

The  Dead  Shot,  or  Sportsman's  Com- 
plete Guide ;  a  Treatise  on  the  Use  of  the 
Gun,  Dog-breaking,  Pigeon-shooting,  &c. 
By  MAKKSMAN.  Fcp.  witji  Plates,  5s. 

A  Book  on  Angling:  being  a  Com- 
plete Treatise  on  the  Art  of  Angling  in 
every  branch,  including  full  Illustrated 
Lists  of  Salmon  Flies.  By  FRANCIS  FRANCIS, 
Second  Edition,  with  Portrait  and  15  other 
Plates,  plain  and  coloured.  Post  8vo.  15s. 

Wilcocks's  Sea- Fisherman:  com- 
prising the  Chief  Methods  of  Hook  and  Line 
Fishing  in  the  British  and  other  Seas,  a 
glance  at  Nets,  and  remarks  on  Boats  and 
Boating.  Second  Edition,  enlarged,  with 
80  Woodcuts.  Post  8vo.  12s.  Gd. 

The    Fly -Fisher's    Entomology. 

By  ALFRED  RONALDS.  With  coloured 
Representations  of  the  Natural  and  Artifi- 
cial Insect.  Sixth  Edition,  witli  20  coloured 
Plates.  8vo.  14s. 

Elaine's  Veterinary  Art :  a  Treatise 

on  the  Anatomy,  Physiology,  and  Curative 
Treatment  of  the  Diseases  of  the  Horse, 
Neat  Cattle,  and  Sheep.  Seventh  Edition, 
revised  and  enlarged  by  C.  STEEL.  8vo. 
with  Plates  and  Woodcuts,  18s. 


The  Cricket  Field ;  or,  the  History 

and  the  Science  of  the  Game  of  Cricket.  By 
JAMES  PYCROFT,  B.A.  4th  Edition,  fcp.  5s. 

Horse  and  Man.     By  C.  S.  MARCH 

PIULLIPPS,  Author  of  'Jurisprudence,'  &c. 
Fcp.  8vo.  2s.  Gd. 

Youatt  on  the  Horse.  Kevised  and 
enlarged  by  W.  WATSON,  M.R.C.V.S.  8vo. 
with  numerous  Woodcuts,  12s.  Gd. 

Youatt  on  the  Dog.  (By  the  same  Author.) 
8vo.  with  numerous  Woodcuts,  6s. 

The  Horse's  Foot,  and  how  to  keep 

it  Sound.  By  W.  MILES,  Esq.  Ninth  Edi- 
tion, with  Illustrations.  Imp.  8vo.  12s.  Gd. 

A  Plain  Treatise  on  Horse-shoeing.  By 
the  same  Author.  Sixth  Edition,  post  8vo. 
with  Illustrations,  2s.  6d. 

Stables  and  Stable  Fittings.  By  the  same. 
Imp.  8vo.  with  13  Plates,  15s. 

Remarks  on  Horses'  Teeth,  addressed  to 
Purchasers.  By  the  same.  Post  8vo.  Is.  Gd. 

Robbins's  Cavalry  Catechism ;  or, 

Instructions  on  Cavalry  Exercise  and  Field 
Movements,  Brigade  Movements,  Out-post 
Duty,  Cavalry  supporting  Artillery,  Artil- 
lery attached  to  Cavalry.  12mo.  5s. 

The  Dog  in  Health  and  Disease. 

By  STONEHENGE.  With  70  Wood  En- 
gravings. Xew  Edition.  Square  crown 
8vo.  10s.  6rf. 

The  Greyhound.  By  the  same  Author. 
Revised  Edition,  with  24  Portraits  of  Grey- 
hounds. Square  crown  8vo.  10s.  Gd. 

The  Ox,  his  Diseases  and  their  Treat- 
ment ;  with  an  Essay  on  Parturition  in  the 
Cow.  By  J.  R.  DOBSON,  M.R.C.V.S.  Crown 
8vo.  with  Illustrations,  7s.  Gd. 


Commerce,  Navigation,  and  Mercantile  Affairs. 


Banking,  Currency,  and  the  Ex- 
changes :  a  Practical  Treatise.  By  ARTHUR 
CRUMP,  Bank  Manager,  formerly  of  the 
Bank  of  England.  Post  8vo.  6«. 


The    Theory    and    Practice    of 

Banking.  By  HENRY  DUNNING  MACLEOD, 
M.A.  Barrister-at-Law.  Second  Edition 
entirely  remodelled.  2  vols 
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The   Elements  of  Banking.     By 

HENRY-  DUNNING  MACLEOD,  M.A.  of  Tri- 
nity College,  Cambridge,  and  of  the  Inner 
Temple,  Barrister-at-Law.  Post  8vo. 

[Nearly  ready. 

The  Law  of  Nations  Considered 

as  Independent  Political  Communities.  By 
Sir  TKAVEKS  Twiss,  D.C.L.  2  vols.  8vo. 
30*.  or  separately,  PART  I  Peace,  12s. 
PART  II.  War,  18*. 


M'Culloch's  Dictionary,  Prac- 
tical, Theoretical,  and  Historical,  of  Com- 
merce and  Commercial  Navigation.  New- 
Edition,  revised  throughout  and  corrected 
to  the  Present  Time.  8vo.  price  63*.  cloth, 
or  70s.  half-bound  in  russia. 

Practical  Guide  for  British  Ship- 
masters to  United  States  Ports.  By  PIER- 
REPONT  EDWARDS,  Her  Britannic  Majesty's 
Yice-Consul  at  New  York.  Post  8vo.  8s.  Gd. 


Works  of  Utility  and 


Modern    Cookery    for    Private 

Families,  reduced  to  a  System  of  Easy 
Practice  in  a  Series  of  carefully-tested  Re- 
ceipts. By  ELIZA  ACTON.  Newly  revised 
and  enlarged;  with  8  Plates,  Figures,  and 
150  Woodcuts.  Fcp.  6s. 
On  Food  and  its  Digestion ;  an 

Introduction  to  Dietetics.  By  W.  BRINTON, 
M.D.  Physician  to  St.  Thomas's  Hospital, 
<fec.  With  48  Woodcuts.  Post  8vo.  12s. 

Wine,  the  Vine,  and  the  Cellar. 

By  THOMAS  G.  SHAW.  Second  Edition, 
revised  and  enlarged,  with  Frontispiece  and 
ol  Illustrations  on  Wood.  8vp.  16*. 

A  Practical  Treatise  on  Brewing ; 

with  Formula?  for  Public  Brewers,  and  In- 
structions for  Private  Families.  By  W. 
BLACK.  Fifth  Edition.  8vo.  10*.  Gd. 
Short  Whist.  By  MAJOR  A.  A  tho- 
roughly revised  Edition  ;  with  an  Essay  on 
the  Theory  of  the  Modern  Scientific  Game 
by  Professor  P.  Fcp.  8vo.  3s.  Gd. 

Whist,  What  to  Lead.     By  CAM. 

Third  Edition.     32mo.  Is. 

The  Cabinet  Lawyer;   a  Popular 

Digest  of  the  Laws  of  England,  Civil, 
Criminal,  and  Constitutional.  24th  Edition  ; 
with  Supplements  of  the  Acts  of  the  Par- 
liamentary Sessions  of  1867  and  1868. 
Fcp.  10*.  Gd. 

The  Philosophy  of  Health ;  or,  an 

Exposition  of  the  Physiological  and  Sanitary 
Conditions  conducive  to  Human  Longevity 
and  Happiness.  By  SOUTHWOOD  SMITH, 
M.D.  Eleventh  Edition,  revised  and  en- 
larged; with  113  Woodcuts.  8vo.  7s.  Gd. 

A  Handbook  for  Headers  at  the 

British  Museum.  By  THOMAS  NICHOLS. 
Post  8vo.  6s. 

Maunder's  Treasury  of  Know- 
ledge and  Library  of  Reference  :  comprising 
an  English  Dictionary  and  Grammar,  Uni- 
versal Gazetteer,  Classical  Dictionary, 
Chronology,  Law  Dictionary,  Synopsis  of 
the  Peerage,  Useful  Tables,  &c.  Fcp.  10*.  Gd. 


General  Information. 

Hints  to  Mothers  on  the  Manage- 
ment of  their  Health  during  the  Period  of 
Pregnancy  and  in  the  Lying-in  Room.  By 
T.  BULL,  M.D.  Fcp.  5s". 

The  Maternal  Management  of  Children 
in  Health  and  Disease.'  By  the  same 
Author.  "Fcp.  5s. 

How  to   Nurse    Sick    Children; 

containing  Directions  which  may  be  found 
of  service  to  all  who  have  charge  of  the 
Young.  By  CHARLES  WEST,  M.D.  Second 
Edition.  Fcp.  8vo.  2s.  6d. 

Notes  on  Hospitals.  By  FLORENCE 
NIGHTINGALE.  Third  Edition,  enlarged ; 
with  13  Plans.  Post  4to.  18s. 

Instructions  in  Household  Mat- 
ters ;  or,  the  Young  Girl's  Guide  to  Domestic 
Service.  Written  by  a  LADY  for  the  use 
of  Girls  intended  for  Service  on  leaving 
School.  Seventh  Edition.  Fcp.  Is.  Gd. 

Mary's  Every-Day  Book  of  useful 

and  Miscellaneous  Knowledge ;  illustrated 
with  Stories,  and  intended  for  the  use  of 
Children.  By  FRANCES  E.  BURRI.-RY, 
Author  of '  Mary's  Geography.'  18mo.  3s.  Gd. 

The    Law    relating     to    Benefit 

Building  Societies;  with  Practical  Obser- 
vations on  the  Act  and  all  the  Cases  decided 
thereon,  also  a  Form  of  Rules  and  Forms  of 
Mortgages.  By  W.  TIDD  PRATT,  Barrister. 
2nd  Edition.  *Fcp.  3s.  Gd. 

Willich'S  Popular  Tables  for  As- 
certaining the  Yalue  of  Lifehold,  Leasehold, 
and  Church  Property,  Renewal  Fines,  &c. ; 
the  Public  Funds  ;  Annual  Average  Price 
and  Interest  on  Consols  from  1731  to  1867  ; 
Chemical,  Geographical,  Astronomical, 
Trigonometrical  Tables,  &c.  Post  8vo.  10*. 

Decimal  Interest  Tables  at  Twenty- 
four  Different  Rates  not  exceeding  Five  per 
Cent.  Calculated  for  the  use  of  Bankers. 
To  which  are  added  Commission  Tables  at 
One-eighth  and  One-fourth  per  Cent.  By 
J.  R.  COULTHART.  New  Edition.  8vo.  15*. 


INDEX. 


ACTON'S  Modern  Cookery 20 

Afterglow  (The)    19 

ALCOCK'S  Residence  in  Japan 16 

ALLIES  on  Formation  of  Christianity 15 

Alpine  Guide  (The) 16 

APJOHN'S  Manual  of  the  Metalloids    9 

ARNOLD'S  Manual  of  English  Literature   . .  5 

ARNOTT'S  Elements  of  Physics  8 

Arundines  Cami   18 

Autumn  Holidays  of  a  Country  Parson  ....  6 

AYEE'S  Treasury  of  Bible  Knowledge 14 


BACON'S  Essays  by  WHATELY  5 

Life  and  Letters,  by  SPEDDING   . .  3 

Works 4 

BAIN'S  Mental  and  Moral  Science    1 

on  the  Emotions  and  Will  7 

on  the  Senses  and  Intellect 7 

• on  the  Study  of  Character  7 

BALL'S  Guide  to  thu  Central  Alps 16 

Guide  to  the  Western  Alps 16 

Guide  to  the  Eastern  Alps   16 

BARNARD'S  Drawing  from  Nature    12 

BAYLDON'S  Rents  and  Tillages  13 

Beaten  Tracks 16 

BECKER'S  Charicles  and  Galltts 17 

BENFEY'S  Sanskrit-English  Dictionary 6 

BLACK'S  Treatise  on  Brewing 20 

BLACKLEY'S  Word-Gossip   7 

BLACKLEY  and  FEIEDLANDER'S  German 

and  English  Dictionary 6 

BLAINE'S  Rural  Hports 19 

. • — -Veterinary  Art 19 

BOOTH'S  Epigrams 6 

BOURNE  on  Screw  Propeller 12 

's  Catechism  of  the  Steam  Engine . .  12 

Examples  of  Modern  Engines    . .  13 

Handbook  of  Steam  Engine   ....  13 

•  Treatise  on  the  Steam  E  ngine  —  12 


BURBURY'S  Mary's  Every  Day  Book   20 

BURKE'S  Vicissitudes  of  Families 4 

BURTON'S  Christian  Church    3 


BOWDLER'S  Family  SHAKSPEAEE 18 

BEANDE'S  Dictionary  of  Science,  Literature, 

andArt 9 

BEAY'S  (C.)  Education  of  the  Feelings   —  7 

. Philosophy  of  Necessity   7 

. On  Force 7 

BHUTTOS  on  Food  and  Digestion 20 

BEODIE'S  (Sir  C.  B.)  Works 10 

BROWNE'S  Exposition  of  the  39  Articles 13 

BUCKLE'S  History  of  Civilisation  2 

BULL'S  Hints  to  Mothers 20 

Maternal  Management  of  Children . .  20 

BUNSEN'S  Ancient  Egypt 3 

God  in  History 3 

Memoirs 3 

BUNSEN  (E.  De)  on  Apocrypha 15 

's  Keys  of  St.  Peter   15 


Cabinet  Lawyer 

CALTERT'S  Wife's  Manual  

CANNON'S  Grant's  Campaign 

CARPENTER'S  Six  Months  in  India 

CATES'S  Biographical  Dictionary  

CATS  and  FARLIE'S  Moral  Emblems  

Changed  Aspects  of  Unchanged  Truths  — 

CHESNEY'S  Euphrates  Expedition  

Indian  Polity  

Waterloo  Campaign  

CHILD'S  Physiological  Essays 

Chorale  Book  for  England 

Churchman's  Daily  Remembrancer 

CLOUGH'S  Lives  from  Plutarch 

COBBE'S  Norman  Kings 

COLENSO  (Bishop)  on  Pentateuch  and  Book 

of  Joshua 

Commonplace  Philosopher  in  Town  and 

Country  

CONINGTON'S  Chemical  Analysis  

Translation  of  Virgil's  jEneid 

CONTANSEAU'S  Two  French  Dictionaries  . . 
•  CONYBE  ARE  and  H  OWSON'S  Life  and  Epistles 

of  St.  Paul 

COOK'S  Acts  of  the  Apostles 

Voyages 

COPLAND'S  Dictionary  of  Practical  Medicine 
COULTHART'S  Decimal  Interest  Tables  .... 
Counsel  and  Comfort  from  a  City  Pulpit  . . 

Cox's  (G.  W.)  Manual  of  Mythology 

Tale  of  the  Great  Persian  War 

Tales  of  Ancient  Greece  .... 

(H.)  Ancient  Parliamentary  Elections 

. History  of  the  Reform  Bills  — 
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